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«™« ~ ,0^ INHIflIT0RS 

This appl ication is a conti , uation . n 

Application serial No. 076/934,984 filL \ 

filed August 25, 1992. 

BACRgROTT^ op ^ T rr , TrTTTri J J 

10 1. H..™ rf rTir T|| , " i 

The present invention relates to r-^ • 
Protease inhibitors an* ™ ' t0 retroviral 

muoitors ana,, more particular!,. 

Processes £ or . ^ sa Tl W " ati °' 1 al ?° rel «« "> 

such compounds as wp*m *. 

-e £ul i» sich ^cesses " 

2. Rp1f, r ^ m 

25 During the replication cycle of • 

^ g - d ^-POI gene products ^T^lLT^^ 
. . ^hese proteins are subset* proceed L a 

encoded protease (or proteinase, to yield vLa! ' 
30 StrUCtUral P^eins of the virus c^re ^"^ 8 

30 commonly, the gag precursor proteins are ^ 

the core proteins and the pol Processed *nto 

processed f n ^ Precursor proteins are 

P ocessed into the viral enzymes, e.g., reV e rse 
: transcriptase and retroviral protease it h k 
that correct processino of -m, ha s. been .shown 

'5 retroviral protease is J Pr ° t6inS * th * 

ectious r.r^s* iT^-r ^ 

— hi ft mutations i, the ^ . . ' 
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gene of HIV prevents processing of the gag precursor 
protein. It has also been shown through site-directed 
mutagenesis of an aspartic acid residue in the HIV 
protease that processing of the gag precursor protein is 
5 prevented. Thus, attempts have been made to inhibit 

viral- replication by inhibiting the action of retroviral ; 
proteases. . 

Retroviral protease inhibition may involve a 
10 transition-state mimetic whereby the retroviral protease 
is exposed to a mimetic compound which binds to the 
enzyme in competition with the gag and gag-pol proteins 
to thereby inhibit replication of structural proteins 
and, more importantly, the retroviral protease itself . 
15 in this manner, retroviral replication proteases can be 
effectively inhibited. 

Several classes of compounds have been, , 
proposed, particularly for inhibition of proteases , such 

20 as for inhibition of HIV protease. Such compounds 

include hydrbxyethylamine isosteres and reduced amide 
isosteres. See, for example, EP 0 346 847; EPO 342,541; 
Roberts et al, "Rational Design of Peptide-Based 
Proteinase Inhibitors, "Science, 248, 358 (1990); and 

25 Erickson et al, "Design Activity, and 2.8A Crystal 

Structure of a C2 Symmetric Inhibitor Coraplexed to HIV-1 
Protease," Science, 249, 527 (1990) . 

Several classes of compounds are known to be 
30 useful as inhibitors of the proteolytic enzyme renin. 
See, for example, U.S. No. 4,599,198; U.K. 2,184,730; 
G.B. 2,209,752; EP O 264 795; G.B. 2,200,115 and U.S. SIR 
H725. Of these, G.B. 2,200,115, GB 2,209,752, EP O 
264,795, U.S. SIR H725 and U.S. 4,599,198 disclose urea- 
3 5 containing hydroxy e thy lamine renin inhibitors . . G.B. 
2,200,115 also discloses sulf^oyl-containing 
hydroxyethylaiiu-ne renin inhibitors, and EP 0264 795 
discloses certain sulf onamide-containihg 
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hydroxyethylamine renin inhibitors » 
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15 



20 



25 



to intermediates useful in c T 5 the pom P°unds and 

userui m such processeci 
compounds are char^^- ^ messes. The subject 



EMAILED D^TFTTTTfT nr Mil, 



asm 



is Provided t^^^^ Mention, there 
the formula: * ° t6aSe inhib i"ng compound of 



(I) 




,S[0] X — R4 



r 

.4. 



°r a pharmaceutically acce^aKi ^ ■. 
30 thereof wherein. aCCeptable s *lt, prodrug or ester 



R represents hydrogen, alkoxycarbonyl ar.iv 
alkylcarbonyl, cycloalkyicarLyl ^^'^h 
cycloal^lWcarbonyl, cycloal^ alkanoyl , ^ ■ 



r 
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aralkanoyl, aroyl, ary loxycarbony 1 , aryloxycarbonylalkyl, 
aryloxyalkanoyl, heterocyclylcarbonyl, 
heterocycly loxycarbony 1 , heterocyclylalkanoyl, 
heterocyclylalkoxycarbonyl , heteroaralkanoyl, 
5 heteroaralkoxycarbonyl , heteroary loxycarbony 1 , 

• heteroaroyi; alkyl, alkenyl, alkynyl, cycloalkyl, aryl, - 
aralkyl, aryloxyalkyl , heteroary loxyalkyl , hy droxyalky 1 , 

~ ^laminoclu^ 

aminocarbonyl and mono- and disubstiituted aminoalkanoyl 

10 radicals wherein the substituents are selected from 
alkyl, aryl, aralkyl, cycloalkyl, cycloalkylalkyl , • 
heteroary 1 , heteroaralkyl, heterocycloalkyl, 
heterocycloalkyalkyl radicals, or where said 
aminocarbonyl and aminoalkanoyl radicals are 

15 disubstituted, said substituents along with the nitrogen 
atom to which they are attached form a heterocycloalkyl 
or heteroary 1 radical ; 

R' represents hydrogen, radicals as defined for r3 or 
20 R"S02- wherein R" represents radicals as defined for R 3 ; 
or R and R* together with the nitrogen to which they are 
attached represent heterocycloalkyl and heteroary 1 
radicals; 

25 Rl represents hydrogen, -CH2SO2NH2, -CH2CO2CH3, -CO2CH3, 
-CONH2, -CH 2 C<0)NHCH 3 , -C <CH 3 ) 2 (SH) , -C (CH3 ) 2 {SCH3 ) , 
-C(CH3)2(StO]CH3), -C(CH3)2(StO]2CH3), alkyl, haloalkyl, 
alkenyl, alkynyl and cycloalkyl radicals, and amino acid 
side chains selected from asparagine, S-methyl cysteine 

30 and the sulfoxide (SO) and sulfone (SO2) derivatives 

thereof, isoleucine, allo-isoleucine, alanine, leucine, 
tert-leucine, phenylalanine, ornithine, histidine, 
norleucine, glutamine, threonine, glycine, allo- 
threonine, serine, O-alkyl serine, aspartic acid, beta^ 

35 cyano alanine and valine side chains; 

Rl' and Rl" independently represent , hydrogen arid radicals 
as defined for Rl< or one. of Rl' and r!\ together with 
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Rl and the carbon atoms to which Rl, r1 • and Rl , are 
attached, represent a cycloalkyl radical; 

; R2^represents alkyi7 aryl. cycloalkyl. cycloalkylalky! 
5 and aralkyl radicals, which radicals are option!^ 

- SETSc^ *S* Se ^ ted / r ° m ***** 
2 ' CN ' CF 3' " or9 and -SR9, wherein R9 

represents hydrogen and alkyl radicals, and halogen 
radicals; 



10 



R3 represents hydrogen; alkyl,, hal balky 1. ^alkenyX, - ; 
alkynyl, hydroxyalkyl , ..alkoxyalkyl, cycloalkyl 
cycloalkylalkyl, heterocycloalkyl, heterdaryi ' 
heterocycloalkylalkyl, aryl. aralkyl, heteroaralkyl 
aminoalkyl and mono- and disubstitute* aminoalkyl : ' ~ 
radicals, wherein said substituents are selected ^ 
alkyl, aryl. aralkyl, cycloalkyl. cycloalkylalkyl 
heteroaryl, heteroaralkyl, heterocycloalkyl, and ' ' 
heterocycloalkylaikyl, radicals, or in the-case of a ; " 
^substituted aminoalkyl radical,; said substituents along 
with the nitrogen atom, to - which they are attached, form k 
heterocycloalkyl or a heteroaryl radical; 

25 h^™" radiC3lS 38 define ^-3 except for- - 
R 6 represents hydrogen- and alkyl radicals; 



20 



30 



35 



x represents 0, 1 or 2; - 
t represents either . 0 or 1; and -/ 

I represents 0 ; S and NR15 wherein r15 represents 
hydrogen and radicals as defined for r3. . „ 

w . • ° f com P ourtd s of particular interest 

within Formula I are compounds embraced by Formula^: 
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(ID 



wherein: ' 

5 R represents hydrogen, alkoxycarbony 1 , aralkoxycarbonyl , 
alkylcarbonyl, cycloalkylcarbonyl, 

cycloalkylalkoxycarbonyl , cycloalkylalkanoy 1 , alkanoy 1 , 
aralkanoyl, aroyl, aryloxycarbonyl, ary loxyearbony lalky 1 , 
aryloxyalkanoyl, heterocyclylcarbonyl, 

10 heterocyclyloxycarbonyl , heterocyclylalkanoyl, 
heterocyclylalkoxycarbonyl heteroaralkanoy 1 , 
heteroaralkoxycarbonyl, heteroaryloxy-carbonyl , 
heteroaroyl, alkyl, alkenyl, cycloalkyl, aryl, aralkyl, 
aryloxyalkyl, heteroary loxyalkyl , hydroxy alkyly 

15 aminocarbonyl , aminoalkanoy 1 , and .mono^ and disubstituted 
aminocarbonyl; and mono- and disubstituted aminoalkanoy 1 
radicals wherein the subs tituents are selected from 
alkyl, aryl, aralkyl, cycloalkyl, cycloalkylalkyl, 
heteroary 1, heteroaralkyl, heterocycloalkyl, 

20 heterocycloalkyaltyl radicals , or where said 

aminoalkanoyl radical is disubstituted, said substituents 
along with the nitrogen atom to which they are attached 
form a heterocycloalkyl or heteroaryl radical ; 

25 R' represents hydrogen and radicals as defined for r3 or 
R and R* together with the nitrogen to which they are 
attached represent heterocycloalkyl and heteroaryl 
radical; 

30 Rl represents hydrogen, -CH2SO2NH2 , -CH2CO2CH3 , -CO2CH3 , 
-CONH2, -CH 2 C(0)NHCH3, -C (CH3) 2 (SH) , -C (CH3 ) 2 ( SCH3 ) , 

-C(CH3)2(S[0]CH3) , -C (GH3 ) 2 (S [G] 2CH3 ) ,/ alkyl, haloalkyl, 
alkenyl, alkynyl and cycloalkyl radicals, and amino acid 
side chains selected from asparagine, S-methyl cysteine 
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and the sulfoxide ( SO ) anrt , 

^reof , isoleuc^e ° aiaT Natives 

tert-leucine, phe^al^ 0 ^' l ^*> 

norleuciae, glutamiae ' 0nut *^e. histidiae. • • 

— alaa ine aad va^^ ac id , : beta . , 
R2 represeats alkyl ' arvl 

-a aralHy! radic^.^^ 1 ^- ^loal^a^ 
. 10 ^tituted with a gro"^, ! ^ °»"°»aUy 

"alkyl. heteroaralW ' * a ^ elo ^y^l. ■ 
substitutes are sel.Z~. ! ' whe "in 

20 r 1 ^. cycloa^tl t^ 1, ^ ™^ 
heterocyoloaikyi, J J,' h « er °«yl, heteroaralky, 

radicals; OT - 

-bstituents ^vi^?"^^ saia 
, ^ re P r ®sents raaicals as ae^ined by r3. 

R represeats hydroaen alv ' 

a^lea^. cy^^™"- -I^carbonyl. 



WO94/04492 PCT/US93/07814 

-8 

heterocyclylalkoxycarbonyl , heteroaralkanoyl , 
heteroaralkoxycarbonyl , heteroaryloxy-carbonyl, 
heteroaroyl, alkyl, alkenyl, cycloalkyl, aryl, aralkyl, 
aryloxyalkyl, heteroaryloxyalkyl, hydroxyalky 1 , , 
5 aminocarbonyl > aminoalkanoy 1 , arid mono- and disubstituted 
aminocarbonyl and mono- arid disubstituted aminoalkanoy 1 
radicals wherein the substituents are selected from 



alkyl, aryl, aralkyl, cycloalkyl, cycloalkylalkyl, 
heteroaryl, heteroaralky 1 ', heterocycloalkyl, 
10 heterocycloalkyalkyl radicals, or where said 

aminoalkanoyl radical is disubstituted, said substituents 

along with the nitrogen atom to which they are attached 

form a heterocycloalkyl or heteroaryl radical; [ 

15 R* represents hydrogen and radicals as defined for R? or 
R and R' together with the nitrogen to which they cure 
attached represent heterocycloalkyl and heteroaryl 

radical; ■ . ^ 

."..*. ■ • ' - k- 

20 Rl represents GH 2 C(0)NHCH 3 , C(CH 3 )2(SCH 3 ) , 

C(CH 3 )2(S[0]CH 3 ) , C(CH 3 )2(S[0] 2 CH 3 ) , alkyl, alkenyl and. 

alkynyl radicals, arid amino acid side chains selected 

from the group consisting of asparagine, valine, 

threonine, alio- threonine, isoleucine, tert-leucine, 

25 S-methyl cysteine and the sulfone and sulfoxide E 

derivatives thereof, alanine, and allo-isoleucine; 

r2 represents alkyl, cycloalkylalkyl and aralkyl 
radicals, which radicals are optionally substituted with 
30 halogen radicals and radicals represented by the formula 

-OR9 and -SR9 wherein r9 represents alkyl radicals; and - * * 

r3 and r4 independently represent alkyl,, alkenyl, 
alkoxyalkyl, cycloalkyl, cycloalkylalkyl, 
35 heterocycloalkyl, heterocycloalky lalkyl , aryl, aralkyl 
and heteroaralkyl radicals. 



* r 



^ L i. 
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10 



15 



20 



heterocyclyloxycar^i. hetero 
he t er 0wclyl a lteJvcarbonyl , het ^,^f' 

*e«roara ltejQ ,carbonyI. .he t eroarylo«y-carbl™r ' 
heceroaroyl. a^nocarbonyi. a^iZa!^ 
disubstituted aminocarbonyl and mono L h k 
aminoalkanoyl rao:i<:als J^riZ thT „ ^substituted 
—ted from ai^. ^IZZ.T^T m 
cycloal^a lItyl , hete heter^l 

substituents aion, ^^Jlt^^^ 



R 

R and R 



30 



35 



attached rebrese« net « »W are 

radical, """"qycloUiyl and h.teroaryl . 

clcHO^^f ' iajC, ° ,,0,C ^' ^^'^'SCHa,. ' \ ; ' ' 
C<CH3) 2 (s[0)eH 3 ), C(CH 3 ) 2 (S[6i,CH,l m.-l 4 
-butvi. isopr0fyl and,sec-^ 3 r ad"aT' 

aW^ eeleC " d T°. ** 

asparagme, valine, S-methyl cysteine a n 

--ieuciae. a»d Beta-^ano 

radica l s, ' ' MPh ^ lM ^ 1 ,^ ^^imethyl .V. 
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R3 represents isoamyl, n-butyl, isobutyl and cyclohexyl 
radicals; and 

r4 represents phenyl, substituted phenyl and methyl 
5 radicals. 

Another family of compounds of particular 
— -interest within Formula I are compounds embraced . by ±l 
Formula III: / - : 




(III) 



wherein: ■ 

R represents hydrogen, alkoxycarbony 1 , aralkoxycarbony 1 , 

15 alkylcarbonyl, cycloalkylcafbonyl , 

cycloalkylalkoxy car bony 1 , cycloalkylalkanoyl , alkanoyl, 
aralkanoyl, aroyl, aryloxycarbonyl, aryloyycarbpnylalkyl; 
afyloxyalkanoyl; heterocyclylcarbonyl, 
heterocyclyloxycarbonyl, heterocyclylalkanoyl, 

20 heterocyclylalkoxycarbonyl, heteroaralkanoy 1 , 
heteroaralkoxycarbonyl , heteroaryloxy-carbonyl , 
heteroaroyl, alkyl, alkenyl, cycloalkyl, aryl, aralkyl, 
aryloxyalkyl, heteroaxyloxyalkyl, hydroxy alky 1 , 
aminocarbony 1 , aminoalkanoyl , and mono- and disubstituted 

25 aminocarbony 1 and mono- and disubstituted aminoalkanoyl 
radicals wherein the substituehts are selected from 
alkyl, aryl, aralkyl, cycloalkyl , cycloalkylalky 1 , . . 
heteroaryl, heteroaralkyl , heterocycloalky 1 , ,.. <w. 

heterocycloalkyalkyl radicals, or where said 

30 aminoalkanoyl radical is disubstituted, said substituents 
along with the nitrogen atom to which they are attached 
form a heterocycloalkyl or heteroaryl radical; 

R 1 represents hydrogen and' radicals as defined for r3 or - 
35 R and R' together with the nitrogen to which they are 



WO 94/04492 



f 

PCT/US93/07814 



21 



HTX he "^ lMl ^ -a net eroaryl { 

UlLH 3'2 (SH >' -C(CH3)2(SCH3). 
alkenyl, alky^l ^ cy^^^j radical . 

Side chains selected fron, as^agine s .e^ ' 
and the sulfoxide (snl P f! a91pe - s "»«hyl: cysteine 

ta „ , . soleuc W e .' ; all °-isoleucine, alanine, leucine 
tert-leucxne. phenylaianine. , ornithine, histidine - 

Zl 9lUtamine - »W alio- , : 

threonine, serine, asparcic acid h—, 

valine side chains,- . ' "^"^"0 alanine and [, 

20 represents hydrogen and alkyl; • L 

represents ^i, ^/'^ 
hydroxyalkyl, alJco^alkyl, cy.loalJcyJ cycS^ ■ 
heterocycloalkyi, hetern*™! v ^^oaikylalkyi , 

substituents are selected from alkyl, ^ 

rtat 1 ^" a r°" 9 With "H-— to 211, Z 
V^wS* ^ > or a heteroaryl 



35 R» represents radicals as defined by R 3„. 



u 
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25 
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A more preferred family of compounds within 
Formula III consists of compounds wherein . : . 

R represents hydrogen, alkoxycarbony 1 , aralkoxy carbonyl . 
5 alkylcarbonyl, cycldalkylcarbonyl , 

cycloalky lalkoxycarbony 1 , . cyeloalkylalkanqyl , alkanoy 1 . G • 
aralkanoy 1 , aroyl, : ary loxycarbonyl . ary lbxycarbonylalkyl , 

aryloxyalkanoyl, heterocyclylcarbonyl, — r 

heterocyclyloxycarbohy 1 , heterocyclylalkanoyl , 
10 heterocycly lalkoxycarbony 1 , heteroaralkanoy 1 , 
heteroaralkoxycarbonyl , heteroaryloxy-carbony 1 . 
heteroaroyl, alkyl, alkenyl, cycloalkyl, aryl, aralkyl, 
aryloxyalkyl, heteroaryloxyalky 1 , hydroxyalky 1 , , „. 

aminocarbonyl, aminoalkanoyl, and mono- and disubstituted 
15 aminocarbonyl and mono- and disubstituted aminoalkanoyl 
- radicals wherein the substituents are selected from 
alkyl. aryl,. aralkyl, cycloalkyl, cycloalkylaikyi , , 
heteroaryl, heteroaralkyl, heterocycloalkyl , 
heterocycloalkyalkyl radicals, or where said 
aminoalkanoyl radical is disubstituted , said substituents 
along with the nitrogen atom to which they are attached 
form a heterocycloalkyl or heteroaryl radical; 



30 



35 



r. represents hydrogen and radicals as defined for R3 or. 
R and R' together with the nitrogen to which they are 
attached represent heterocycloalkyi and heteroaryl 
radical; . . 

Rl represents hydrogen, alkyl and alkenyl radicals, and 
amino acid side chains selected- from the gxoup consisting 
of asparagine. valine, threonine, alio- threonine, 
isoleucine, tert-leucine, S-methyl cysteine and the , 
sulfone and sulfoxide derivatives- thereof, alanine, and 
allo-isoleucine; 

r2 represents alkyl, cycloalkylaikyi' and aralkyl 
radicals, which radicals are optionally substituted with 
halogen radicals and radicals represented by the formula 
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a"nfw d Wh?rein R9 «d alkyl 

and halogen radicals; and 

5 aL^ fl - indePerident ^ resent alkyl, alkenyl , 
5 alkoxyalkyl, cycloalkyl, cycloaikylalky 1 , 

heterocycloalkyl, heterocycloalkylalkyl, aryl, aralkyl 

heteroaryl and heteroaralkyi radicals. 

in * , ' ' ° f higheSt interest are compounds within 
10 Formula in wherein 

alWi re T S hydr0gen ' ^ k - 0 ^ c - b onyl, aralkoxycarbonyl 
alkylcarbonyl, cycloalkylcarbonyl 

15 a^al 1 ^ 191 ^ 3 ^ 1 ' ^ cloai ^anoyl. alkanoyl, 
aralkanoyl aroyl, aryloxycarbonyl, aryloxycarbonyla^l 
aryloxyalkanoyl, heterocyclylcarbonyl ^alkyl, 
heterocyclyloxycarbonyl, heterocyclylalkanoyl, 
heterocyclylalkoxycarbonyl, heteroaralkanoyl 
heteroaralkoxycarbonyl, heteroaryloxy-carbonyl, 
20 heteroaroyl, aminocarbonyl, aminoalkanoyl , and mono- and 
dxsubstxtuted aminocarbonyl and mono- and disubstLutS 
ananoalkanoyl radicals wherein the substituents are . 
selected from alkyl, aryl, aralkyl, cycloalkyl, 
cycloalkylalkyl, heteroaryl, heteroaralkyi, 
heterocycloalkyl, heterocycloalkyalkyl radicals, or where 
saxd .mxnoalkanoyi radical is disubstituted, said 

TeZllZl f° ng T ^ nitr ° 9en at ° ra t0 

are attached form a heterocycloalkyl or heteroaryl 



30 



35 



R r, T ^ ^ ■" ,d « defined for R 3 or 

■ ItTcZ «•*»•- to which they.are : 

radical ^ reSent he ""*ycloalkyl and heteroaryl 

Rl r6Presea " "ytoosren. ".ethyl, propargyl, t-b„tyl 
^propyl and sec-butyl radicals/ -and amino acid -side 
chains selected from the croup consisting of asparagine 
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valine, S-methyl cysteine, allo-iso-leucine, iso-leucine, 
threonine, serine, aspartic acid, beta-cyano alanine, and 
allo-threonine side chains; 

r2 represents CH3SCH2CH2-/ iso-butyl, n-butyl, benzyl, 
4-fluorobenzyl, 2-naphthylmethyl and cyclohexylmethyl 
radicals; and 

r3 represents alkyl, cyclohexyl, isobutyl, isoamyl, . and 
10 n-butyl radicals ; and 

R 4 represents methyl, phenyl and substituted phenyl 
radicals wherein the substituents are selected from halo, 

alkoxy, hydroxy, nitro and amino substituents, 

■ ',.■"( 

15. 

Another family of compounds of particular 
interest within Formula I are compounds embraced by 
Formula IV: 



20 




(IV) 



wherein: 

R represents hydrogen, alkoxy carbonyl . ar alkoxy carbonyl , 
alkylcarbonyl, cycloalkylcarbonyl , 

cycloalkylalkoxycarbonyl, cycloalkylalkanoyl, alkanoyl, 
aralkanoyl, aroyl, aryloxy carbonyl, aryloxycarbonylalkyl, 
aryloxyalkanoyl , heterocyclylcarbonyl, 
heterocyclyloxycarbonyl, heterocyclylalkanoyl, 
heterocyclylalkoxycarbonyl, heteroaralkanoyl, 
heteroaralkoxycarbonyl , heteroaryloxy-carbonyl , 
heteroaroyl, alkyl, alkenyl, cycloalkyl, aryl, aralkyl, 
aryloxyalkyl. heteroaryloxyalkyl , hydroxyalkyl , 
aminocarbonyl. aminoalkanoyl , and mono- and disubstituted 
aminocarbonyl and mono- and disubstituted aminoalkanoyl 
radicals wherein the substituents .are selected from 
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alkyl, aryl, aralkyl, cycloalkyl, cycloalkylalkyl 
heteroaryl, heteroaralkyl, heterocycloalkyl 
heterocycloalkyalkyl radicals, or where said 
-inoalkanoyl, radical, is ^substituted, said substituents 
5 *12\T. they are att , che V 

form a. heterocycloalkyl. or heteroaryl radical; 



10 



25 



30 



35 



R represents hydrogen, and radicals as defined for R 3 or 

*** R * tether with the nitrogen to which they are 
attached represent heterocycloalkyl and heteroaryl 
radical; 



Rl represents hydrogen; -CH2S02NH2. -CH2COPCHT rrv,r», 

-C(CH3)2(S[0 ] CH3,, -C (CH 3 , 2 (S[0 ]2 GH3, /alkyl, haloalkyl; 
alkenyl, alkyny! ^ ^ . 

side chaxns selected from asparagine, S-methyl cysteine 
and the sulfoxide (SO, , and sulfone, (S0 2 ) .derLt^es 
thereof, isoleucine, allo-isoleucine. alanine, leucine" 
tert-leucme, phenylalanine, ornithine, histidine 
norleucine. glutamine, threonine, glycine, alio- ' 

vlTinf ^ S T ine ' aSPartlC a<=id ' beta ^-o alanine and 
valine side chains; ^ 

Rl 1 T ^ ° f ^ Rl "' — ther w it r 

R^ and the carbon atoms to which R l, r1- ^ R i- are 

attached, represent a cycloalkyl radical; ; <. 

represents hydrogen and alkyl radicals; 

^represents alkyl, haloalkyl, alkenyl. alkynyl, 
hydroxyalkyl, alkoxyalkyl, cycloalkyl. cycloalkylalkyl,. 
heterocycloalkyl, heteroaryl, heterocycloalkylalkyl ^ 



r 
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aiyi, aralkyl, heteroaralkyl, aminoalkyl and mono- arid 
disubsticuted aminoalky.l radicals, wherein said 

substituents are selected from alky 1, aryl/ aralkyl, 

cycloalkyl, cycloalkylalkyl, heteroaryl, heteroaralkyl, 
5 heterocydoalkyl , and heterocycloalkylalkyl radicals, , or 

in the case of a disubstituted aminoalkyl radical, said 
^^ titu e nts along with-the-nitrogenratbm^to^ichlthey-^ 

are attached, form a heterocydoalkyl or a heteroaryl 

radical; and 



10 



r4 represents radicals as defined by R 3 . 

A more preferred family of compounds within 
Formula. IV consists of compounds wherein 



15 



R represents an arylalkanoyl, heteroarbyl, 
aryloxyalkanoyl, aryloxycarbonyl, alkanoyl, 
aminocarbonyl, monorsubstituted aminoalkanoyl, or 
disubstituted aminoalkanoyl. or mono-or 
20 dialkylaminocarbonyl radical; 

r> represents hydrogen and radicals as defined for r3 or 
R and R' together with the nitrogen to which they are 
attached represent a heterocydoalkyl or heteroaryl 
25 radical; 

R l, r1* and' R 1 " independently represent hydrogen and 
alkyl radicals having from 1 to about 4 carbon atoms, 
alkenyl, alkynyl, aralkyl radicals, and radicals 
30 represented by the formula -CH 2 C(0)R- or -C(0)R" wherein 
R- represents R38. -Nr38r39 and OR38 wherein R38 and r39 
independently represent hydrogen and alkyl radicals 

having from 1 to about 4 carbon atoms; 5 \ 

35 r2 represents alkyl, cycloalkylalkyl and aralkyl 

radicals, which radicals are optionally substituted with 
halogen radicals and radicals represented by the formula 



sr r 
I i. * 



* I I 1 
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-OR* and -SR9 wherein R 9. represents hydrogen and alkyl 
radicals; and 

R3 and R 4 independently represent alkyl, alkenyl 
5 alkoxyalkyl, cycloalkyl,: cycloalkylalkyl, : ' 

heterocycloalkyl. heterocycloalkylalkyl , aryl, aralkyl 
heteroaryl and heteroaralkyl radicals. '.' 

Of highest interest are compounds of Formula. *iv 
10 wherein : ; . 

R represents an arylalkarioyl, aryloxycarbonyl , - 
aryloxyalkanoyl, alkanoyl, aminocarbonyl , mono- 
substituted aminoalkanoyl, or disubstituted 
15 aminoalkanoyl, or mono-or : dialkylaminocarbbnyl radical- 



R'- represents hydrogen and radicals as defined for R 3 
R and R 1 together with .the nitrogen to - : which they a 
attached represent a heterocycloalkyl or heteroaryl 



or 

are 



20 radical; 



Rl. R 1 * and Rl" independently represent hydrogen; methyl, ; 
ethyl, benzyl, phenylpropyl and propargyl radicals; 

25 R 2 represents CH 3 SCH 2 CH 2 -, iso-butyl, n-butyl, benzyl 

4-fluorobenzyl, 2-naphthylmethyl and cyclohexylmethyl 7 
radicals; 

R3 represents alkyl, cyclohexyl, isobutyi; isoamyl and ' ' ' " 
30 n-butyl radicals; and 

M represents methyl, phenyl and substituted phenyl 
radicals wherein the subs tituents are selected from halo, 
alkoxy, amino and nitro substituents. ' . * • 

35 • 

As utilized herein, the term -alkyl-, alone or ' 
ln COmbinat:ion ' " means ? a straight-chain or branched-chain 
alkyl radical, containing from 1, to about 10, preferably : ; " 



jr ~ r ;■■ * ' ? n . " w E - . ' * ? W T r - ^ v 
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from 1 to about 8, carbon atoms Examples of such 
radicals include methyl, ethyl, n-propyl, isopropyl, . 
n-butyl, isobutyl, sec-butyl, tert -butyl, pentyl, iso- 
amyl, hexyl, octyl and the like. The term "alkenyl-, 
5 alone or in combination, means a straight -chain or / 
branched-chain hydrocarbon, radial having one or more 
double bonds and containing from 2 to about 18 carbon 

— atoms* pref erably-f rom 2 to -about 8 carbon atoms . — — 

Examples of suitable alkenyl radicals include ethenyl, 
10 propenyl, alkyl, 1, 4-butadienyl and the like. The term 
"alkynyl", alone or in combination, means a straight- 
chain hydrocarbon radical haying one or more triple bonds 
and containing from 2 to" about 10 carbon atoms. Examples 
of alkynyl radicals include ethynyl, propynyl, 
15 (propargyl) , butynyl and the like. The term "alkoxy, 
alone or in combination, means an alkyl ether radical 
wherein the term alkyl is as defined above. Examples of 
suitable alkyl ether radicals include methoxy, ethoxy, 
n-propoxy, isopropoxy, n-butoxy, iso-butoxy, sec-biitoxy, 
20 tert -but oxy and the like. The term " cycloalkyl ■ , alone 
or in combination, means a saturated or partially 
saturated monocyclic, bicyclic or tricyclic alkyl radical 
wherein each cyclic moiety contains from about 3 to about 
8 carbon atoms and is cyclic. The term -cycloalkylalkyl" 
25 means an alkyl radical as defined above which is 

substituted by a cycloalkyl radical containing from about 
3 to about 8 , preferably from about 3 to about 6 , carbon 
atoms. Examples of such cycloalkyl radicals include 
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and the 
30 like. The term "aryl", alone or in combination, means a 
phenyl or naphthyl radical which optionally carries one 
or more substituents selected from alkyl* alkoxy, 
halogen, hydroxy, amino, nitro, cyano, haloalkyl and the 
like, such as phenyl, p-tolyl* 4-methoxyphenyl, 4- (tert - 
35 butoxy) phenyl, 4-fluorophenyl, 4-chlorophenyl, 

4-hydroxyphenyl, 1-naphthyl, 2 -naphthyl, and the like. 
The term ■arallcyl*, alone or in combination, means an 
alkyl radical as defined . above . in whi£h*« one- hydrogen 'atom 
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carbonyi,. alone or ln . The te ™ -««ito<y 



carbonvl" . eiin ar ^tox 

the term aryl has tn7siL , « , l^.,ta 1 «Wch 

•altooxl- Lone ^ *«<•- .em,. 

10 ,.,«,.. .. ■ 10ne or ln co "*lna"on, means an acyl 
10 radical derive* fro» an alkanecarboxylic , 

f *«*~ acetyl. P.opibn.l. K 

-ae.hyivalerv!. and the like. The term ^ ' 

" eaai — *~ived £ rom a 

adamantanecarbpnyl, and the like 

monocyclic cvclo.ni, ■ ' ° r fron > a benz-f use d 

YCJ - 1C ^ cl oalkanecarboxylic acid „>„-^ • 
substituted by,, for- examnTo ,u Ch »** <**WU^ 

• Ik.. ! derived from an aryl-substituted 
aikanecarbo^ylic- acid such as phenylacety!. 

p cnyi) acetyl, 4-chlorbhydrocinnamoyl, 
like. The term "aroyl- means an acyl radial „ 

si-ss sr^s, HF"~ r 

4- (benzyloxycarbonyl) benzoyl i- n «n»,«.'K«. •. ~ 

3^benryloxy£ormamido)-2-naphthoyl, and the like th 
heterocvclvl or heterocycloalkvl portion o ^ 
heterocyo ylcarbonyl. heterocyclylo,cycarbonyl. 

Z lZTl 1 ^^ 1 - °^ ^"-cyclj^ group _ or . 

« like is a saturated or partially unsaturated *' 
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monocyclic, bicyclic or tricyclic heterocycle which 
contains one or more hetero atoms selected from nitrogen> 
oxygen and sulphur/ which is optionally substituted on 
one or more carbon atoms by halogen, alky 1 , alkoxy , oxo , 
5 and the like, arid/or on a secondary nitrogen atom (i.e., 
-NH-) by alkyl, aralkoxycarbonyl-, alkanoyl, phenyl or -i v. 
phenylalkyl or on a tertiary nitrogen atom (i.e. = N-) by 
- 7~- 7" ~ oxidb ^ carbon atoE; "The . ^ : 

heteroaryl portion of a heteroarpyl, 
10 heteroaryloxycarbonyl , or a heteroaralkoxy carbonyl group 
or the like is an aromatic monocyclic, bicyclic, or 
tricyclic heterocycle which contains the hetero /atoms and 
is optionally substituted as defined above with respect 
to the def inition of heterocyclyl. Examples of such 
15 heterocyclyl and heteroaryl groups are pyrrolidinyl , 

piperidinyl, piperazinyl, morpholinyl , thiamorpholinyl, 
pyrrolyl, imidazolyl (e.g., imidazol 4-yl,. 
l-benzyloxycarbbnylimidazol-4-yl, etc. ) , pyrazolyl, 
pyridyl, pyrazinyl, pyrimidiny 1 , , furyl, thienyl, 
20 triazolyl, oxazolyl, thiazolyl, indolyl (e.g., 2-indolyl, 
etc.), quinolinyl, (e.g. , 2-quinolinyl, 3-quinolinyl, 
l-oxido-2-quinolinyl, etc.), isoquinolinyl (e.g., 

1- isoquinolinyl, 3 -isoquinolinyl, etc. ), 
tetrahydroquinolinyl (e.g., 1, 2,3,4 -tetrahydrp-2- 

25 quinolyl, etc.) , 1,2,3,4-tetrahydroisoquinolinyl * (e.g. , 
1 , 2 , 3 , 4-tetrahydrb-l-oxo-isoquinoliny 1 , etc . ) , 
quinoxalinyl , S-carbolinyl , 2-benzofurancarbonyl , 1- , 

2- , 4- or 5-benzimidazblyl, and the like. The term 
-cycloaikylalkoxycarbonyl" means , an acyl group derived 

30 from a cycloalkylalkoxycarboxylic acid of the formula 
cycloalkylalkyl-O-COOH wherein cycloalkylalkyl has the 
significance given above. The term " ary loxyalkanoy 1 - 
means an acyl radical of the formula aryl-O-alkanoyl 
wherein aryl and alkanoyl have the significance given 

35 above. The term ■heterocyclyloxycarbonyl" means an acyl 
group derived from heterocyclyl-O-COOH wherein 
heterocyclyl is as defined above. The term 

r -heterocyclylalkanoyl- is an acyl radical derived from a 



r 
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heterocyclyl-substituted alkane carboxylic acid wherein 
heterocyclyl has the significance given above. The term 
-heterocyclylalkoxycarbonyl- means an acyl radical 
derxved from a heterocyclyl-substituted alkane-O-COOH : 
whereih heterocyclyl. has the , significance, given above 
The term -heteroaryloxycarbonyl- .means an, acyl radical 
oW f ° m 3 Ca ^ Xyli ?^ id represented, by heteroaryl- 
O-COOH wherein heteroaryl has the .significance given 
above tv»o . , 



-~»^« yivcil 

Th V e ™.. , ^ oc ^ n ^ ^ ,. 
40 means an amino-substituted carbohyl . (carbamoyl, group ' 

der^ed from an amino-substituted .carboxylic acid wherein • 
.,. the am.no group can;be a .primary, secondary or tertiary. < 
amino group containing substituents selected from . . 
hydrogen, and alkyl, ary i, aralkyl, cycloalkyl, E 
15 cycloalkylalkyl radicals and the like. The term 

•aminoalkanoyl- means an acyl group derived from an 
amino-substituted alkanecarboxylic acid wherein the amino 
group can be a primary, secondary or tertiary group 
containing substituents selected from hydrogen, and 
20 alkyl, aryl. aralkyl, cycloalkyl, cycloalkylalkyl L 
radicals and the like. The term -halogen- means 
fluorine, chlorine, bromine or iodine. The term 
"haloalkyl - means an alkyl radical having the 
significance as defined above wherein one or more 

2TT£? ^ rePlaC6d With 3 hal0gen ' ^-Ples of such 
haloalkyl radicals include chloromethyl, 1-bromoethyl, 1 
fluoromethyl, difluoromethyl, trifluoromethyl, 
1,1,1-trifluoroethyl and the like. The term -leaving 
group- generally refers to groups readily displaceable by 
30 a nucleophile, such as an amine, a thiol or an alcohol 

nucleophile. such leaving groups are well known in the 
art. Examples of such leaving groups include, but are * 
,.. not limited to, N-hydroxysuccinimide, 
35 ^ hydr °^ ben2 ° tri ^^. Glides, triflates, tosylates and 
35, the like. Preferred leaving groups are indicated herein 
where appropriate. 
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Procedures for preparing the compounds of 
Formula I are set forth below. It should be noted that I 
the general procedure is shown as it relates to 
preparation of compounds having the specified , , 
5 ~ stereochemistry, for example, wherein the absolute . 

stereochemistry about the hydroxy 1 group is designated as . 
(R) . However, such procedures are generally applicable r 

to those compounds of opposite configuration, e.g., where L 

the stereochemistry about the hydroxyl group is (S) . In. 
10 addition, the compounds having the (R) stereochemistry 
can be utilized to produce those having the (S) ,> 
stereochemistry. For example, a compound having the (R) 
stereochemistry can be inverted to the (S) ^ 
stereochemistry using well-known methods. 
is ' . •: ■•• ■ •- .' " .> .. . ,Vi . 
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Prepflrflrinn of cnmnnii n ^ s of P 0rn i11 i n j 

The compounds of the present invention 
represented by Formula I above, can be prepared utilizing 
5 the following general procedure. This procedure is ? 
schematically shown in the following Schemes I and n : 

■ ' % ' - 1* 

SCHBMR T 

R 2 



P -N' - r l*- P-n 

OH 



R2 




R2 O 




OH R3 

d 

O R2 



OH R3 



I' 



O R2 



H-N(CR r R r ) t ^ II f Vr< : 
H R 1 oh L 



I 



OH „3 

e 



R' ri " OH 



I 

R 3 



a) amine b) sulfonyl chloride R 4 S0 2 C1 (or anhydride) + 
jsjravenger c) deprotection d) coupling e) coupling. 



acid 



IT 



0 R* " 



jf a-. jr i- ▼ • i- ■ \ •• v V s: r r v s jr p r. *r r 

k k £ i ..I i. .L .. i». i_ a. .c' i, * * i. 4 * «. . * 
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BPHUME II 



R 2 



R 2 



N 




Si 



P 2 



0 P*' OH R3 





R 2 o v 
OH R 3 



Sr— R 4 



">(CR 1 " R 1 " ) .^JL % 
H RV H OH R 3 



RN(CR V R r ) tO 1 - n*V~ NH^ S ^ R4 

I "I " . nu ' 



9 R 2 



RV 



OH „3 



a) amine b) sulfonyl chloride R 4 S0 2 Cl (or anhydride) + acid 
5 scavenger c) deprotection d) coupling e) coupling. 
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An N-protected chloroketone derivative of an 
amino acid having the formula: 



10 



15 



20 



25 



30 




wherein P represents an amino protecting, group, and R 2 is 
as defined above, is. reduced to the corresponding alcohol 
utilizmg an appropriate reducing -agent; Suitable amino 
protecting groups are well known in the art and. include 
carbobenzo^. t-butojcycarbonyl, and the like. A 
preferred amino protecting group is carbobenzoxy . a 
preferred N-protected chloroketone is 

N-benzyloxycarbonyl-L-phenylalanine chloromethyl ketone 
A preferred reducing agent is sodium borohydride The 
reduction reaction is conducted at a temperature of from 
-10°C to about 25»C, preferably at about 0?G, in a - 
suitable solvent system such as, for example, 
tetrahydrofuran, and. the like. The N-protected 
chloroketones are commercially available, e.g., such as 
from Bachem, Inc., Torrance, California. Alternatively 
the chloroketones can be prepared by the procedure set ' 
forth in s. J. Fittkau, J. PrflKr Phf>m , ^ 1037 
(1973), and subsequently Nrprotected utilizing procedures 
which are well known in the art. 

The halo alcohol can be utilized directly, as 
described below, or, preferably, is then reacted, 
preferably at room temperature, with a suitable base in a 
suitable solvent system to produce an N-protected amino 
epoxide of the formula: 



jr. ^ "» ■ ■ -F ; • <s -*.» *• 
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wherein P and r2 are as defined above. Suitable solvent 
systems^ or preparing The amino epoxide include ethanol, ~ " 
methanol, isopropanol, tetrahydrofuran. dioxane, and the 
like including mixtures thereof. -Suitable bases ' for 
producing the epoxide from the reduced chloroketone 
include potassium, hydroxide, sodium hydroxide, potassium 
t-butoxide . DBU and the like . A pref erred base is r 



10 potassium hydroxide. 

Alternatively, a protected amino epoxide can be 
prepared, such as in co-owned and co-pending PCT Patent 
Application Serial No. PCT/US93 / 04804 whcih is . ' 
15 incorporated herein by reference, starting with an ;L- 
amino acid which is reacted with a suitable amind- 
protecting group in a suitable solvent to produce an 
amino-protected L-amino acid ester of the formula: 



20 




wherein P 3 represents carboxyl-protecting group, e.g. , . ; v . - 
methyl, ethyl, benzyl, tertiary-butyl and the like; R? is as 
defined above; arid P 1 and p2 independently are selected from 
25 amine protecting groups , including but not limited to , 
arylalkyl, substituted arylalkyl, cycloalkenylalkyl and 
substituted cycloalkenylalkyl, allyl, substituted allyl, 
acyl. alkoxycarbonyl, aralkoxycarbonyl and silyl. Examples 
of arylalkyl include, but are not limited to benzyl, ortho- 
methylbenzyl, trityl and benzhydryl, which can be optionally 



u 
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TrTlllT halo ' e - alkyl o£ Ci - C8 - ^ 

t^' a ^ lene '. a " lno ' *lWa»ino. acylamino and acyl or f 
salts, such as phosphonium and a^i, salt , ! "* ' 
*<amples of ^ oroups ^ ^ naphthale ^- . 
S ^ anthrac ^ 1 , s.,,.^ : . 

phenanthrenyl; cycloaltenylalkyl or s ubstituted 

chloroacetyl, phtaaloyl and the like. 
" ' can £»™ T iti9nally; pl P2 P^ecting groups 

where these heterocyclic groups can further include- ■ 
ad o, ^ ewloMlvl rings ^ h • 

heterocyclic groups can be mono-, di- or. tri^ituted 
2" e.g.. .utrophchalimidyl. The term silyl refers to a sm 

atom optionally substituted by one or more al*l ' 1 ». ' 
aralkyl groups.- >"«yi. aryl and 

suitable silyl protecting groups include h.,' 
not lifted to. trimethylsilyl. triethylsilyl ° 
tn-xsopropylsilyl, tert-butyldimethylsilyi f 
dimethylphenylsi'iyl. 1.2-bis ( dimethylsilyl,be„zene. '. * 

SUylation bf the amine functions to. p^V, bis- 
• disilylamxne can provide derivatives of the! aminoa!^! 
amino acid. a*ino acid esters and amino acid -mT^ 
case o£ ^ acias , ^ ac . d ^ • ■ xn the £ 

amdes. reduction of the carbonyl function provides the 
T* ° r »»»— "yl aminoalcohol. Silylatlon of the 

amxnoalcohol can lead to the H.N.O-tri-silyl derivative 
Removal of the silyl function from the silyl ether f^io 
». -adily accomplished by treatment with/for ^L^T 
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metal hydroxide or ammonium, flouride reagent, either as a 
discrete reaction step or in sihi during the preparation of 
the amino aldehyde reagent. Suitable silylating agents are, 
for example, trimethylsilyl chloride , t ert-buty- 
5 dimethylsilyl chloride, phenyldimethylsilyl chlorie, : 

diphenylmethylsilyl chloride or their combination products 
with imidazole or DMF. Methods for silylat^on of amines and 
removal of silyl protecting groups are well known to those 
skilled in the art. Methods of preparation of these amine 
10 derivatives from corresponding amino acids, amino acid ; , 
amides or amino acid esters are also well known to those 
skilled in the art of organic chemistry including amino 
acid/amino acid ester or aminoalcohol chemistry . 

15 Preferably P 1 and P 2 are independently 

selected from aralkyl and substituted aralkyl. More 
preferably; each of P 1 and P 2 is benzyl. 

The amihb-protected L-amino acid ester is then 
20 reduced, to the corresponding alcohol. For example, the 
amino^protected L-amino acid ester can be reduced with : f 
diisobutylaluminum hydride at -78° C in a suitable 
solvent such as toluene. Preferred reducing agents 
include lithium aluminium hydride, lithium borohydride, ; 
25 sodium borohydride, borane, lithitim tri-ter- 

butoxyaluminum hydride, borane/THF complex. Most 
preferably, the reducing agent is diisobutylaluminum 
hydride (DiBAL-H) in toluene . The resulting alcohol is ; 
then converted, for example, by way of a Swern oxidation, 
30 to the corresponding aldehyde of the foiTiiula: 



R 2 




lb 
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wherein pi., P 2 and R 2 „ e as — ^ ^ 
dachloron* thane solution of the alcohol is added to a 
cooled (.75 to -68- C) solution of oxalyl chloride in ' 
^Woro D ethane and .Mso in dichloroethane and stirred 
a tor 35 minutes. : 

Acceptable oxidizing reagents include/ for 
example, sulfur trioxide-pyridine complex and DMSO 
oxalyl chloride, and DMSO, acetyl chloride or anhydride 
and wso. .trifluoroacetyl chloride or Anhydride. L ? 
DMSO, methanesulfonyl chloride and DMSO or 

tetrahydxothiaphehe-s^oxide, toluenesulfonyl bromide 
and DMSO, trif luoromethanesulf onyl anhydride (triflic 
anhydride) and DMSO, phosphorus pentachloride and 
DMSO, dimethylphosphoryl chloride and DMSO and 
xsobutylchloroformate and DMSO. The oxidation 
conditions reported by Reetz et al [An^au^, 

p ' 1186 ' < 1987 H, ^.w rhen, inr ri rn ,U,- ^ 

20 !; 8 o c 141 ' 1987> OXalyl Chl ° ride and ^ 

The preferred oxidation method described in 
this invention is sulfur trioxide pyridine complex 
triethylamine and DMSO at room temperature. This 

^trtT" 6XCellent yi6ldS ° f the desired 
protected ammo aldehyde usable without the need for 

purification; i.e. , the need to purify kilograms of 

intermediates by chromatography is eliminated and 

large scale operations are made less hazardous 

Reaction at room temperature also eliminated the need 

for the use of low temperature reactor which makes the 

process more suitable for commercial production. 

The reaction may be carried out under and 
inert atmosphere such as nitrogen or argon, or normal 
or dry air, under atmospheric pressure or in a sealed 
reaction vessel under positive pressure.- Preferred is 
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a nitrogen atmosphere. Alternative amine bases 
include, for example, tri -butyl amine, tri-isopropyl 
amine, N-methylpiperidine, N-methyl morpholine, 
azabicyclononane, diisppropylethylamine, 2,2,6,6- 
5 tetramethylpiperidine, N,N-dimethylaminopyridine, or 
mixtures of these bases. Triethylamine is a preferred 
base. Alternatives to pure DMSO as solvent include 

— mixtures of DMSO with non-protic or halogenated - : 

solvents such as tetrahydrofuran, ethyl acetate, 
10 toluene, xylene, dichloromethane, ethylene di chloride 
and the like. Dipolar aprotic co-solvents include 
acetonitrile, dimethylf ormamide, dimethyliacetamide, 
acet amide, tetramethyl urea and its cyclic analog, 
N-me thylpyrrolidone , sulfolane and the like. Rather 
15 than N, N-dibenzy lpheny lalaninol as the aldehyde 

precursor, the phenylalanine 1 derivatives discussed 
above can be used to provide the corresponding 
N-monosubstituted [either P 1 or P 2 = H] or N,N- 
disubstituted aldehyde. 

20 

in addition, hydride reduction of an amide 
or ester derivative of the corresponding alky I, benzyl 
or cycloalkenyl nitrogen, protected phenylalanine, 
substituted phenylalanine or cycloalkyl analog of 
25 phenyalanine derivative can be carried out to provide 
the aldehydes. Hydride transfer is an additional 
method of aldehyde synthesis under conditions where 
aldehyde condensations are avoided, cf , Oppenauer 
Oxidation. 

30 • ■ . . ; . - ' ' ••. ! ' : ' ' " ; ' ' 

The aldehydes of this process can also be 
prepared by methods of reducing protected phenylalanine, and 
phenylalanine analogs or their amide or ester derivatives 
by, e.g., sodium amalgam with HCl in ethanol or lithium or 
35 sodium or potassium or calcium in ammonia. The "reaction 
temperature may be from about -20°C to about 45°C, and 
preferably, from abut 5°C to .about 25°C; Two additional 
methods of obtaining the nitrogen protected aldehyde include 
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oxidation of the corresponding alcohol with bleach in the 
presence of a catalytic amount of 2,2, 6, 6-tetramethyl-l-. 
pyrxdYloxy free radical. ; in a second method, oxidation of 
the alcohol" to ' the aldehyde is accomplished by a catalytic 
amount of tetrapropylammonium perruthenate in the presence 
of N-methylmorphbline-N-oxide .. 

" Alternatively, an acid chloride derivative- of a 
protected phenylalanine or phenylalanine derivative as ■ 
;10 disclosed above can be reduced with hydrogen and a catalyst 
such as Pd on barium carbonate or barium sulphate, with er 
without an additional catalyst moderating agent such as - 
sulfur or a thiol (Rosenrourid Reduction) . 

" fc The aldehyde resulting from the Swern. oxidation is" 
then reacted with, a halomethyllithium reagent, which . 
reagent is- generated in sifili by reacting an alkyllithium 
or arylithium compound with a dihalomethane. represented 
by the formula X1CH 2 X2 wherein X l and X 2 independently 
20 represent; I, Br or CI. For example, a solution of the 

aldehyde and chloroiodomethane in THF is cooled to -78' c 
and a solution of n-butyllithium in hexane is added The 
■ resulting product is a mixture of diastereomers of the 
corresponding amino-protected epoxides of the formulas • 



25 




30 



The diastereomers can be separated e.g., by 
chromatography, or, alternatively, once reacted in 
subsequent steps the diastereomeric products , can be 
separated. For compounds having the (S) stereochemistry 
a D-amino acid can be utilized in place of the L-ami„o ' 
acid. 
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The addition of chloromethy lithium or 
bromomethy! ithium to a chiral amino aldehyde is highly 
diastereoselective. Preferably, the chloromethyllithium or 
bromomethy lithium is generated in-situ from the reaction of 
5 the dihalomethane and n-butyllithium. Acceptable 
~ methyleneating halomethanes include chloroipdomethane, 
bromochloromethane, dibromomethane, diiodomethane, 
brbmdfluoromethane and~the " like; The™ sulfonate ~ester~of"tHe" 
addition product of, for example, hydrogen bromide to, 

10 formaldehyde is also a methyleneating agent. 

Tetrahydrofuran is the preferred solvent, however 
alternative solvents such as toluene, dimethoxyethane , 
ethylene dichloride, methylene chloride can be used as pure 
solvents or as a mixture/ Dipolar aprotic solvents such as 

15 acetonitrile, DMF, N-methylpyrrolidone are useful as 

solvents or as part of a solvent mixture. The reaction can 
be carried out under an inert atmosphere such as nitrogen or 
argon. For n-butyl lithium can be substituted other 
organometalic reagents reagents such as me thy 11 ithium, tert- 

20 butyl lithium, sec-butyl lithium, pheny 11 ithium , phenyl 
sodium and the like. The reaction can be carried out at 
temperatures of between about -80°C to 0°C but preferably 
between about -80°C to -20°C. The most preferred reaction 
temperatures are between -40°C to -15°C. Reagents can be 

25 added singly but multiple additions are preferred. in certain 
conditions. The preferred pressure of the reaction is 
atmospheric however a positive pressure is valuable under 
certain conditions such as a high humidity environment. 

30 Alternative methods of conversion to the epoxides 

of this invention include substitution of other charged 
methylenation precurser species followed by their treatment 
with base to form the analogous anion. Examples of these 
species include trimethylsulfoxonium tosylate or trif late, 

35 tetramethylammonium halide, methyldiphenylsuifoxonium ^al.ide 
wherein halide is chlorides, bromide or iodide. 
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into ■•«,„■ ^ COnVerSi0n ° f thS aldeh ^ s ° f ^is invention 
xnto their epox.de derivative can also be carried out in 

multiple steps. For example, the addition of the anion of 

thioanisole prepared from, ..for, example, a butyl or aryl 

lithium reagent. to,the protected aminoaldehyde , oxidation 

of the, result^ protected aminosul fide alcohol with Well ' 

known oxidizing agents such as hydrogen peroxide, tert-butyl 

hypochlorite, bleach or sodium periodate to give a 

10 "thT de ; / lkylati ° n ° f SUlf ° Xide With ' exa^le, 
10 methyl xod.de or ^mide.: methyl tosylateV methyl mesylat 

^ **1 -iflate, ethyl bromide, . isopropyl ^bromide, bel* ' 
f l0ride ° r the like ' ^ the; presence of an organic or ' 

alcohol" ba K S •- Alt ^ ti ^«« P«^ : i^«l£id. ' 
alcohol can be alkylated, with,, „f or ; example, the alkylating < 
15 agents above, to provide,* sulfonium salts that" are^ - 

su^equently conyerted.into the subject epoxides with tert- 
amine or mineral bases.. .,• ,]* 

20 ™ > d6Sired e P°*ides formed,, using most preferred 

20 conditions, /di^ereoselectively in ratio amounts^ ^ 
least about an: 85:15 ratio. ( S:R , . ' The product can be 
purif red by chromatography to give' : t he diastereomerically 
and enantiomerically pure product but it is more 
conveniently used directly without purification to prepare 

a" tlabf Pr ° teaSe inhibi?0rS ' ^ foregoing process is 
applicable to, mixtures of optical .isomers. a Si well as 

^ resolved compounds, if a particular optical isomer is- 

desired, it can be selected by the choice of starting 

material, e.g., L-phenylalanine. D-phenylalanine , l- 

^T^r 1 ' D " Phenylal - i - 1 ' -hexahydrophenylalaninol 
and the like, or resolution, can occur at intermediate or 
final steps. „ chiral auxiliaries such as one or two 

* ZT'lZl 0 * SUlf ° niC aCld ' Citr±C ^oric 

35 Z 2 - methOXyphe ^ laceti «= acid and the like can be used to 
35 form salts, esters or amides of the compounds of this - 
invention. These compounds or derivatives can be 

, crystallized or separated chromatographically using ' either a 
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chiral or achiral column as is well known to those skilled 
in the art. . . . 

The amino epoxide is then reacted, in a 
suitable solvent system, with an equal amount , or 
pref erably an excess of , a desired amine of the formula: 



~r3SH2 



10 wherein r3 is hydrogen or is as defined above . The 
reaction can be conducted over a wide range of 
temperatures, e.g. , from about 10 ? C to about 10d°C> but 
is preferably, but not necessarily, conducted at a 
temperature at which the solvent begins to reflux. 

15 Suitable solvent systems include r protic, non-protic and 
dipolar aprotic organic solvents such as, for Example, 
those wherein the solvent is an alcohol, such as 
methanol, ethanol, isopropanol, and the like, ethers such 
as t etrahydrof uran , dioxane and the like, and toluene, 

20 N, N-dimethylf ormamide , dimethyl sulfoxide, and mixtures 
thereof. A preferred solvent is isopropanol. Exemplary 
amines corresponding to the formula R3NH2 include benzyl 
amine, isobutylamine, n-butyl amine, isopentyl amine, 
isoaraylamine, cyclohexanemethyl amine, naphthylene methyl 

25 amine and the like. The resulting product is a 3- (N- 

protected amino) -^3- (R 2 ) -1- (NHR3 ) -propan-2-61 derivative 
(hereinafter referred to as an amino alcohol) can be 
represented by the f ormulais : " 



30 





wherein P, pi; P 2 ' r2 and r3 are as described above. 
Alternatively, a haloalcohol can be utilized in place of 
the amino epoxide. 
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The amino alcohol defined above is then react** 
» a suitable solvent with a sulfonyl chloride ^™ 
or sulfonyl anhydride; in the presence of an acid 
-avenger. Suitable solvents in which the reaction can" 
be conducted include methylene chloride, tetrahydrofuran 
Subacid scavengers include triethyWne, ^i^' 
Preferred sulfonyl chlorides are methanesulfonyl^hllide 
and benzenesulfonyl chloride. The- resulting sulfide 
derive can be represented, depending on the epo^T 
utilized by the formulas e epoxide 





15 wherein P, pi, P 2,;. r2/ R 3 . ^ R 4 are afe; defin , d ^ 
These intermediates are useful for preparing inhibit 
compounds of the Present .invention and are also actte 
inhibitors of retroviral proteases. 



The sulfonyl halides of the formula R 4 S o 2 x can 

alkyl lithium reagent with sulfuryl chloride, or sulfur 
dioxide followed by oxidation with a halogen, pref eraly 
chlorine. Also, thiols may be oxidized to sulfonyl " 
chlorides using chlorine in the presence of water under 
carefully controlled conditions. Additionally, sul^nic 

to suifo ^ — using 5 ::: ^ 

ucn^as PCls, and also to anhydrides using suitable 

pr e epL" in9 - reagentS - ^ SUlf ° niC ^ *** ** — be ', 
prepared using procedures well known in the art. Such 
sulf onic acids are coimnercial available 

of the sulfonyl halides, sulfinyl halides (R^sox) or 
sulfenyl halides (r4 SX ) can be utilized to ^ 
compounds wherein the -so,- _ SQ _ 

or -s- moiety, respectively. 
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Following preparation of the sulfonamide 
derivative, the amino protecting group P or P 1 and P 2 
amino protecting groups are removed under t conditions 
5 which will not affect the remaining portion of the 

molecule . These- methods are well known in the art and 
include acid hydrolysis, hydrogenolysis and the like. A 
~ preferred me thod involves removals f the protecting — 
group, e.g., removal of a carbobenzoxy group, by 
10 hydrogenolysis utilizing palladium on carbon in a 

suitable solvent system such as an alcohol, acetic acid, 
and the like or mixtures thereof . Where the protecting 
group is a t-butoxycarbonyl group, it can be removed 
utilizing an inorganic or organic acid, e.g. , HG1 or 
15 trif luoroacetic acid, in a suitable solvent system, e.g., 
dioxane or methylene chloride. The resulting product is 
the amine salt derivative. Following neutralization of 
the salt, the amine is then reacted with an amino acid or 
corresponding derivative thereof represented by the 
20 formula ( PN [CrI 1 R 1 " ] t CH (Rl ) COOH) wherein t , R 1 , R 1 ' and ' 
Rl - are as defined above, to produce the antiviral 
compounds of the present invention having the formula: 



O R 2 



PNHtCR 1 ^ 1 ^ 




wherein t, P, Rl, R*', R 1 "^ r2, r3 and R* are as defined 
above. Preferred protecting groups in this instance are 
a benzyloxycarbonyl group or a t-butoxycarbbnyl group. : 
Where the amine is reacted with a derivative of an amino 
30 acid, e.g., when t=l and R* 1 and Rl" are both H, so that 
the amino acid is a E-amino acid, such S-amino acids can , 
be prepared according to the procedure set forth in a y 
copending application, U. S. Serial No. 07/345,808; 
Where t is 1, one of R^ 1 and R*" is H and Rl is hydrogen 
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thS , ainin0 a " d " a ho ^-ino aeid, such homo- 
S-*mno acids can be prepared by the procedure set forth 
in a copending application, U.S. serial No. 07/853 561 
Where t^Ls O and Rl is alkyl , a ^ enyli alkyn ' ' 

5 <ycloallcyl. ^CH2S02MH2,--CH2C02C^ f -cOaCH, -CONH 
-CH 2 C(0,NHCH 3 . -C (CH 3 , , ( SH , . -C^i , 2 (SCHsk' " 

-C(CH 3)2[S (0)CH 3 ], -C(CH 3 ) 2 r S (0 2 ,CH 3 ], or an amino acid 
side chain, such materials are well known and many are 
commercially available from Sigma-Aldrich. 

The N-protecting group can be subsequently 
removed, if desired, utilizing the procedures described 

ZloZl: heR 3 C ^-e rented by 
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wherein R „ as defined abov* and L is an appropriate 

leavxng group SU ch as a halide. Preferably, where Rl is ' 

a side chain of a naturally occurring, a-amino acid. R is 

a 2-quinoline carbonyl group derived from 

N-hydroxysuccin^ 

hydroxy succinimide. A solution of the free amine ,or 

amine acetate salt) and about 1.0 equivalent of the 

carboxylase are mixed in an appropriate solvent system f 

and optionally treated with- up to five equivalent of a 

base such as, for example, N-methylmorpholine, at about 

IT Appropriate solvent systems include 

tetrahydrofuran. methylene chloride or N N- 

dimethylformamide, and the like, including mixtures 

thereof. *J 

Alternatively, the protected amino alcohol from " 
the epoxide opening can be further protected at the newly 
introduced amino group with a protecting group p- which is 
not removed when the first protecting P is removed. One . „ 
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skilled in the art can choose appropriate combinations of P 
and P'. One suitable choice is when P. is Gbz and P 1 is Boc 
v The resulting compound represented by the formula: 



can be carried through the remainder of the synthesis to 
provide a compound of the formula: 



10 



R 2 

II 

' N(CRV Rl> CH- C> nh ^v^\ ^ 
K R 1 



R 2 



OH R 3 



and the new protecting group P' is selectively removed, 
and following deprotection, the resulting amine reacted 
to form the sulfonamide derivative as described above. 
15 This selective deprotection and conversion to the 

sulfonamide can be accomplished at either the end of the 
synthesis or at any appropriate intermediate step if 
desired. , : 

20 In place of the sulfonyl halides, sulfinyl 

halides (RSOCl) and sulf enyl halides (RSCl) can be 
utilized to prepare compounds wherein the -SO2- moiey is 
replaced by -SO- or -S-, respectively. ; 

25 it is contemplated that for preparing compounds 

of the Formulas having R6, the compounds can be prepared 
following the procedure set forth above and, prior to 
coupling the sulfonamide derivative or analog thereof/ 
e.g. coupling to the amino acid PNH{CH2)tCH(Rl)COOH, 

30 carried through a procedure referred to in the art as < 
reductive amination. Thus, a sodium cyanoborohydride and 
an appropriate aldehyde or ketone can be reacted with the 
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sulfonamide derivative compound or appropriate analog at 
room temperature in order -to reductively aminate any of 
the compounds of Formulas I- iv. It is also contemplated .' 
that where R 3 of the amino alcohol intermediate is 
5 hydrogen, the. inhibitor compounds of the present 

whe^fthf ^ " alkYl ' ° r ° ther ^tftuents 
wherein the a-C contains at least one hydrogen, can be 

prepared through reductive amination of the final product 
10 I T reaCtl ° n b6tWeen "*» alCOho1 - d the amine 

Zll*" ° th6r St3ge ° f Synth6SiS for Preparing the 
inhibitor, compounds., ... 

Contemplated- equivalents of the general 
formulas set forth above for the antiviral compounds and 
15 derivatives as well as the intermediates are compounds 

otherwise corresponding thereto and having the same 
general properties, such as tautomers thereof as well as 
compounds,, wherein, one or.more of the various r gr 0ups 
20 T S3JaPl& Variati ° nS ° f thS sub "ituents as defined ■ 

tLT^-' 6 * 9 " Wh6rein R " 3 hi9her ^ than 

that indicated. in addition, where a substituent is 

designated as, or can be, a hydrogen, the exact chemical 
nature of a substituent which is other than hydrogeTaT 
25 w P ° SlCl0n ' e ' g " a hydrocarbyl radical or a halogen 
25 hydroxy, amino and the like functional group, is not 
critical so long as it does not adversely affect the 
overall activity, and/or synthesis procedure. 

The chemical reactions described above are 
30 generally disclosed in terms of their broadest 

application to the preparation of the compounds of this 
invention. Occasionally, the reactions may not be 
applicable as described to each compound included within 
35 th ^ d ; SCl ° Sed sc °P e - Th « compounds for which this occurs 
35 will be readily recognized by those skilled in the art 
in all such cases, either the reactions can be 
successfully performed by conventional modifications 
known to those skilled in the art, e.g.,. by appropriate 
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protection of interfering groups, by changing to 
alternative conventional reagents, by routine 
modification of reaction conditions, and the like, or 
other reactions disclosed herein or otherwise 
5 conventional, will be applicable- to the preparation of . 
the corresponding compounds of this invention. In all 
preparative methods, all starting materials are known or 
readily prepayable from known starting, materials . _ 

10 Without further elaboration, it is believed 

that one skilled in the art can, using the preceding 
description, utilize the present invention to its fullest 
extent. The following preferred specific embodiments 
are, therefore, to be construed. as merely illustrative, 

15 and hot limitative of the remainder of the disclosure in 
any way whatsoever. 

All reagents were used as received without 
purification. All proton and carbon NMR spectra were 
20 obtained on either a Varian VXR-300 or VXR-400 nuclear 
magnetic resonance spectrometer. 

The following Examples 1 through 9 illustrate 
preparation of intermediates. These intermediates are 

25 useful in preparing the inhibitor compounds of the 

present invention as illustrated in Examples 10-16. In 
addition, the intermediates of Examples 2-6 are also 
retroviral protease inhibitors and inhibit, in 
particular, HIV protease. 

30. , ' : - 
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Examnl* ] ft 





Fart ft; 

To a solution of 75. Og (0.226 mol) of 
N-benzyloxycarbonyl-L-phenylalanine chloromethyl ketone 
» a mixture of 807. mL of methanol and. 807 mL of 
tetrahydrpfuran at -2«C, was added 13.l7g (0.348 mol, 
1.54 equxv.) of solid sodium borohydride over one hundred 
nonutes. The solvents were removed under reduced 
pressure at 40°C and the residue dissolved in ethyl 
acetate (approx. 1L) . The solution was washed 
sequentially with 1M potassium hydrogen sulfate 
saturated sodium bicarbonate and then saturated ' sodium 
chlor.de solutions. .. After drying over anhydrous • 
magnesium sulfate, and filtering, the solution was removed 
under reduced pressure. To the resulting oil was IZZ 
hexane (approx. 1L) and the mixture warmed to 60«c with 

swxrlxng. After cooling to room temperature, the solids 
were collected and washed with 2L of hexane The 
resulting solid was recrystallized from hot ethyl acetate 
and hexane to afford 32. 3g (43% yield) of 
N-benzyloxycarbonyl-3 (S) -amino-l-chloro-4-phenyl-2 (S) - 
butanol, mp 150-151°C and M+Li+ =340. 



IT 



ii 



7 
L 



WO 94/04492 



PCT/US93/07814 



42 

Part g: 

To a solution of 6.52g (0,116 mol, 1.2 equiv.) 
of potassium hydroxide in 968 mL of absolute ethanol at 
room temperature, was added 32. 3g: (0.097 mol) of N-CBZ- 
3 (S) -andno-l-chloro-4-phenyl-2 (S) -butanol. After 

string for fi fte en min utes, the solvent was removed . 

under reduced pressure and the solids dissolved in 
methylene chloride. After washing with water, drying 
over magnesium sulfate, filtering and stripping, one 
obtains 27. 9g of a whit.e solid. Recrystallization from 
hot ethyl acetate and hexane afforded 22. 3g (77% yield) 
of N-benzyloxycarbonyl-3 (S)-amino-l,2 (S)-epoxy-4^ 
phenylbutane, mp 102-103°C and MH+ 298. 

A solution of N-benzy loxycarbonyl 3 (S) -amino- 
1,2- (S) -epoxy-4 -phenylbutane (1-OOg; 3.36 mmol) and 
isoamylamine (4.90g, 67.2 mmol, 20 equiv.) in 10 mL of 
isopropyl alcohol was- heated to reflux for 1.5 hours. 
The solution was cooled to room temperature, concentrated 
in vacuo and then poured into 100 mL of stirring hexane 
whereupon the product crystallized from solution. The 
product was isolated by filtration and air dried to give 
1.18g, 95%' of N= [ [3 (S) -phenylmethylcarbamoyl) amino-2 (R) - 
hydroxy-4-phenylbutyl]N-[ (3-methylbutyl) lamine mp 108.0- 
109. 5°C, MH+ m/z = 371. 
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ExamnlP ]p 




Preparation of N.N-rtrheiWi^ isV-^i^Lj ->.- <^_ 0 ^„,_. 

Phenyl hi n- fln o 



Step ft; 

A solution of L-phenylalanine (50.0 g „ 0.302 mol) 
sodium hydroxide (24.2 g, 0.605 mol) and potassium - 
carbonate (83.6 g, 0.605 mol) in water. (500 ml) was 
heated to 97°C Benzyl bromide (108.5ml, 0.912 mol) was 
then slowly added (addition time -25 min) . The mixture 
was then stirred at 97»C for 30. minutes . The solution 
was cooled to room temperature and extracted with toluene- 
(2 x 250 ml). ■ The combined organic layers were, then 
washed with water, brine, dried over magnesium sulfate 
filtered and concentrated to give an oil product The' 
crude product was then used in the next step without" 
purification. 

Ster> q » " - 

The crude benrylated product of the above step was 
dissolved in toluene. (750 ml) and cooled to -55°c. a 15 
M solution of DIBAL-H in toluene (443.9 ml, 0.666 mol) * 
was then added at a rate to maintain the temperature 
between -55» to -50«C (addition time - 1 hour) . The 
mixture was stirred for 20 minutes at -55°c. The 
reaction was quenched at -55°C by the slow addition of . 
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methanol (37 ml) . The cold solution was then poured into 
cold (5°C) 1.5 N HG1 solution (1.8 L). The precipitated 
solid (approx. 138 g) was filtered off and washed with 
toluene. The solid material was suspended in a mixture 
of toluene (400 ml) and water (100 ml) The mixture was 
cooled to 5°C, treated with. 2.5 N NaOH (186 ml) and then 
stirred at room temperature until the solid was 
dissolved. The toluene layer was separated from the 
aqueous phase and washed with water- and brine, dried over 
magnesium sulfate, filtered and concentrated to a volume 
of 75 ml (89 g) . Ethyl acetate (25 ml) and hexane (25 
ml) were then added to the residue upon which the alcohol 
product began to crystallize. After 30 min., an 
additional 50 ml hexane was added to promote further 
crystallization. The solid was filtered off and washed 
with 50 ml hexane to give approximately 35 g of material. 
A second crop of material could be isolated by 
refiltering the mother liquor. The solids were combined 
and recrystallized from ethyl acetate (20 ml) and hexane 
(30 ml) to give, in 2 crops, approximately 40 g (40% from 
L-phenylalanine). of analytically pure alcohol product . .- . 
The mother liquors were combined and concentrated (34 g) . 
The residue was treated with ethyl acetate and hexane 
which provided an additional 7 g (-7% yield) of slightly 
impure solid product. Further optimization in. the - 
recovery from the mother liquor is probable. 

Alternatively, the alcohol was prepared from L- 
phenylalaninol. L-phenylalaninol (176.6 g, 1.168 mol) 
was added to a stirred solution of potassium carbonate 
(484.6 g, 3.506 mol) in 710 mL of water. The mixture 
was heated to 65°C under a nitrogen atmosphere. A . 
solution of benzyl bromide (400 g, 2.339 mol)„in 3A 
ethanol (305 mL) was added at a rate that, maintained 
the temperature between 60-68°C. The biphasic 
solution was stirred at 65°C for 55 min and then 
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allowed to cool- to. 10«C with vigorous stirring. The I 
Oily product. solidified into small granules. The 1 

product was diluted with 2.0- Lf of tap water and ^ 

starred for 5 minutes to. dissolve the inorganic by' ' ; ' 

products. The product was isolated by filtration ; 

under reduced pressure and washed with water ■ until the 

PH is 7. The crude product 'obtained was -air dried * ' ' ' 

overnite to give a semi-dry solid (407 g, which was .. ' 

recrystallized from 1.1 j, of , ethyl acetate/heptane - 
(1:10 by volume). The product was isolated by • 
filtration (at -8'C ), washed with 1.6 L of cold -.- . 
( ~ 10 ° C > 

air-dried to give 339 g, (88% yield) of fis-2- T 
tBis(phenylmethyl.) a mino]ben Z ene-propanol / mp 71.5- ' 
73.0-C. More product can be obtained from the mother 
lienor if necessary v The other analytical ' "> : 
characterization was. ..identical to compound prepared as -' 
described above. . 

Sten r> ' ', ." , . .. ' L 

Absolution c,f oxalyl chloride (8, 4. ml, 0.096 mol) in 
dichloromethane. (2.4 a ml, was cooled to -74°C : a solution 
of DMSO (12.0 ml, 0.155 mol, in dichloromethane (50 ml, ; 
was then slowly added at a rate to maintain ^the ' ' 
temperature at -74'C (addition time -1.25 hrj . - The ; * ' P 

mixture was stirred, for 5 min. followed by addition bf a 
solution of the alcohol (0.074 mol, in 100 mT o f ■ • ^ - ■ 
dichloromethane (addition time -20 min. , temp. -75«C to ' ' 

68 C) . t The solution was. stirred at r78°G for 35 
minutes. Triethylamine (41.2. ml, 0.295 mol, was then - 
added over 10 min. (temp. -78° to -68«G, upon which'the : " S 
ammonium salt precipitated.. The -cold mixture was stirred ' 
for 30 min. and then water (225 ml, was added. The ; ' : r 
dichloromethane layer was, separated from the aqueous ' 
Phase and washed with water, -brine,, dried over magnesium - 
sulfate, filtered and concentrated. The residue was 
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diluted with ethyl acetate and hexane and then filtered . 
to further remove the airaaonium salt. The filtrate was 
concentrated to give the desired aldehyde product. The 
aldehyde was carried on to the next step without 
purification, - • • • ••«.••••..- - - -• - *** - - • • r; 

Temperatures higher than -7 0?C have been reported in 
the literature for the Swern .oxidation. Other Swern 
modifications and, alternatives to the Swern oxidations 
are also possible. 

Alternatively, the aldehyde was prepared as follows . 
(200 g, 0.604 mol) was dissolved in triethylamine (300 
mli, 2.15 mol) . The mixture was cooled to 12°C and a 
solution of sulfur trioxide/ pyridine complex (380 g, 2.39 
mol) in DMSO (1.6 L) was added at a rate to maintain the 
temperature between 8-17°C (addition time - 1.0 h) . The 
solution was stirred at ambient temperature under a 
nitrogen atmosphere for 1.5 hour at which time the 
reaction was complete by TLC analysis (33% ethyl 
acetate /hexane, silica gel) . The reaction mixtures was 
cooled with ice water and quenced with 1.6 L of cold 
water (10-15°C) over 45 minutes. The resultant solution 
was extracted with ethyl acetate (2.0 L) , washed with 5% 
citric acid (2.0 L), and brine (2.2 L) , dried over MgS04 
(280 g) and filtered. The solvent was removed on a 
rotary evaporator at 35-40°C and then dried under vaccuum 
to give 198.8 g of as- [Bis- (phenylmethyl) amino] - 
benzenepropanaldehyde as a pale yellow oil (99 .9%) i The 
crude product obtained was pure enough to be used 
directly in the next step without purification. The 
analytical data, of - the compound were consistent with the 
published literature, [a] D 25 = -92.9 ° (c 1.87, CH2CI2) ; 
1h NMR (400 MHz, CDCI3 ) 3, 2.94 and 3.15 (ABX- System, 
2H, Jab= 13-9 Hz:,, Jax= 7.3 Hz and Jbx = 6-2 Hz), 3.56 
(t, 1H, 7.1 Hz) , 3.69 and 3.82 (AB-System, 4H f JaB= 13.7 
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Hz), 7.25 (m. 15 H) and- 9.72 (s/lH); HRMS calcd for 
<M + 1) C23H24NO 330.450, found: 330. 1836. Anal. Calcd for 
C23H230N: C. 83.86;. H, 7.04; N, 4.25. Found: C, 83.64; u. 
7.42; N, 4.19. HPLC on chiral stationary phase: (S,S) 
Pirkle-Whelk-O 1 column- (250 x 4.6 nun I.D. ) , mobile 
Phase: hexane/isopropanbl (99.5:0.5, v/v) , flow-rate : 1 5 
ml/min, detection with uv detector at 210™.' Retention 
time of the desired S-isoiner : 8.75 min., retention time 
of the R-enanatiomer 10.62 min. 

£t£D_E: . 

A solution of as- [Bis (phenylmethy 1 ) amino] 

benzene-propanaldehyde (191,7 g, 0.58 mbl) and 
chloroiodomethane (56.4 mL, 0.77 mol) in 
tetrahydrofuran (1.8 L) was, cooled to -30 to -35»c 
(colder temperature such as -70»C also worked well but 
warmer temperatures are more readily achieved in large 
scale operations) in a stainless steel reactor under a 
nitrogen atmosphere. A solution of n-butyllithium in 
hexane (1.6 M, 365 mL, 0.58 mol) was then added at a 
rate that maintained the temperature below -25°c. 
After addition the mixture .was stirred at -30 to' -35»c 
for 10 minutes. More . additions of reagents were ' 
carried out in the following manner: (1) additional 
chloroiodomethane (17 mL) was added, followed by 
n-butyllithium (110 mL) at < -25°C. After addition 
the mixture was stirred at -30 to -35°C for 10 
minutes. This was repeated once. (2) Additional v 
chloroiodomethane (8.5 mL, 0.11 mol) was added, * " 

followed by n-butyllithium (55 mL, 0.088 mol) at 
<-25°C. After addition, the mixture was stirred at 
-30 to -35°C for 10 minutes. This was repeated 5 
times. (3) Additional chloroiodomethane (8.5 mL, 0.11 
mol) was added, followed by n-butyllithium (37 mL, 
0.059 mol) at <-25°C. After addition, the mixture 
was stirred at -30 to -35°C for 10 minutes. This was 



repeated once. The external cooling, was stopped and 
the mixture wanned to ambient temp, over 4 to 16 hours 
when TIjC (silica gel, 20% ethyl acetate/hexane ) 
indicated that the reaction was completed. The 
reaction mixture was copied to 10°C and quenched with 
1452, g of 16% ammonium chloride solution (prepared by 
dissolving 232 g of ammonium chloride in 1220 raL of 
water) , keeping the temperature below 23°C. The 
mixture was stirred for 10 minutes and the organic and 
aqueous layers were separated. The aqueous phase was 
extracted with ethyl acetate (2x 500 mL) . The ethyl 
acetate layer was combined with the tetrahydrofuran 
layer. The combined solution was dried over magnesium 
sulfate (220 g) , filtered and concentrated on a rotary 
evaporator at 65°C. The brown oil residue was dried at 
70°C in vacuo (0.8 bar) for 1 h to give 222.8 g of 
crude material. (The crude product weight was >100%- 
Due to the relative instability of the product on 
silica gel, the crude product is usually used directly 
in the next step without purification) . The 
diastereomeric ratio of the crude mixture was 
determined by proton NMR: (2S)/(2R): 86:14. The minor 
and major epoxide diastereomers were characterized in 
this mixture by tic analysis (silica gel, 10% ethyl 
acetate/hexane) , Rf = 0.29 & 0.32, respectively. An 
analytical sample of each of the diastereomeirs was 
obtained by purification on ; silica-gel chromatography 
(3% ethyl acetate/hexane) and characterized as 
follows: ' ' • 

N,N, (XS-Tris (phenylmethyl) -2S-oxiranemethanamirie - 

!h NMR (400 MHz, CDCI3) 3 2.49 and 2.51 (AB-System, 
1H, Jab = 2.82), 2.76 and 2.77. (AB-System, 1H, JABr = 
4.03), 2.83 (m, 2H), 2.99 & 3.03 (AB-System, 1H, Jab = 
10.1 Hz), 3.15 (m, 1H), 3.73 & 3.84 (AB-System, 4H, 
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ll^l: 7,21 ^ 15H,; (4 °° HHZ.CDC13,. 

125.97, 60.32, 54.23. 52.13, 45.99, 33.76; HPMS calcd 
for C24H26NO (M + l, 344.477, found 344.2003 ^ 

N, N, os-Tris (phenylmethyl , ^R-oxiiranemethanamine 

^ (300 MHz, CDC13) 9 2,20 <*, 1H> , . .2.59 <*, 
1H) 2.75 (m, 2H>, 2.97 (m, 1 H ,, 3 .14 (m, lH , , 3.85 . 
(AB-System, 4H, , 7.25 <m, 15H) .HPLC on chiral 
stationary phase: Pirkle-whelk-0 1 column (250 x 4 6 
nun I.D.), mobile phase: hexane/isoDro M n rt1 ' / ao c J ' 



- x.d , mobile phase: hexane/isopropanol (99.5:0.5> 
v/v), flow-rate: 1.5 ml/min, detection with uv 
detector at 210™. Retention time of (8) : 9.38 min 
retention time of enanatiomer of (4): 13.75 min " " 



r 



[ 



»^ , Alternatively, a solution of the crude 
aldehyde 0.074 mol and chloroiodomethane (7.0 ml 

0 096 mol, in tetrahydrofuran (285 ml, was cooled to . I 

-78 c under a nitrogen atmosphere. A 1.6 M solution 

tLrlr, hiUm ^ 116X3116 (25 °' 040 -1) was ' 

75*e TZ- ^ 3 t0 maintain the ^Perature at ' 

-75 C (addition time - 15 min.,. After the first 
addition, additional chloroiodomethane (1.6 ml 0 022 ' 

1 1 oH added agaln ' f0ll °- d ^ -butyllitntm I 2 . // , * 

n>l, 0.037 mol,, keeping the temperature at. -75'c The ' 

mixture was stirred for 15 min." Each of the reagents • " 

chloroiodomethane (0.70 ml, 0.010 mol, and 

n-butyllithium (5 ml, 0.008 mol) were added 4 more 

times over 45 min. at -75«C. The cooling bath was ' 

then removed and the solution warmed to 22'C over * 

1.5 hr. The mixture was pbured into 300 ml of 

saturated aq. ammonium chloride solution. The 

tetrahydrofuran layer was separated: The aqueous " " : 

Phase was extracted with ethyl acetate (1 x 300 ml, 

The combined organic layers were washed with brine, ' „ 
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dried over magnesium sulfate, filtered and 
concentrated to give a brown oil (27.4 g) .. The 
product could be used in the next step without 
purification. The desired diastereomer can be 
purified by recrystallization at a subsequent step. 
The^product^couldlalso„ be _purij^ 

Alternatively, a solution of ctS- 
[Bis (phenylmethyl) amino] benzene -propanaldehyde (178 . 84 
g, 0.54 mol) and bromochloromethane (46 mL, 0.71 mol) 
in tetrahydrofuran (1.8 L) was cooled to -30 to -35°C 
(colder temperature such as -70°C also worked well but 
warmer temperatures are more readily achieved in large 
scale operations) in a stainless steel reactor under a 
nitrogen atmosphere. A solution of n-butyllithium in 
hexane (1. 6 M, 340 mL, 0.54 mol) was then added at a 
rate that maintained the temperature below -2 5°C. 
After addition the mixture was stirred at -30 to -35°C 
for 10 minutes. More additions of reagents were 
carried out -in the following manner: (1) additional 
bromochloromethane (14 mL) was added/ followed by 
n-butyllithium (102 mL) at < -25°C. After .addition 
the mixture was stirred at -30 to -35°C for 10 
minutes. This was repeated once. (2) Additional 
bromochloromethane (7 mL, 0.11 mol) was added, 
followed by n-butyllithium (51 mL, 0.082 mol) at 
<-25°C. After addition the mixture was stirred at -30 
to -35°C for 10 minutes. This was repeated 5 times. 
(3) Additional bromochloromethane (7 mL, 0.11 mol) was 
added, followed by n-butyllithium (51 mL, 0.082 mol) 
at <-25°C. After addition the mixture was stirred at 
-30 to -35°C for 10 minutes. This was repeated once. 
The external cooling was stopped and the mixture 
warmed to ambient temp, over 4 to 16 hours when TLC 
(silica gel, 20% ethyl acetate /hexane) indicated that 
the reaction was completed. The reaction mixture was 
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cooled to 10°C and quenched. with 1452 g of 
16% ammonium chloride solution (prepared by dissolving 
232 g of ammonium chloride in 1220 mL of water) 
keeping, the temperature below 239c The mixture'was 
^^.for^Mi^^.^,.^ organic and aqueous 
layers were separated, , The, aqueous phase, was 
extracted with ..ethyl acetate (2x 500 mL) . The ethyl 
acetate layer was confined with the tetrahydrofuran 
layer The combined solution was dried over magnesium 
sulfate (220 g, , f ilter ed and ^ concentrated on a rotaT 
evaporator at 65'C. The brown oil residue was dried Z 
70 C m vacuo (0.8 bar); for . 1 h to give 222.8 g of 
crude material. 

Examnlf ?, 





d i methyl ptiinwi \ n^ n nv11h , hm f , 



To a solution of TiSlg (20.3 mmol) of m- II3 s. 
(phenylmethylcarbamoyll).amino:]-2R-hyd^oxy ; -4-ph 
N-(2-methyl P ropyl):]amine in 67^mL of anhydrous 
tetrahydrofuran was added 2.25g (22.3 mmol) of 
triethylamine. After cooling to 0 'C, 4.4g (20.3 mmol, of 
di-tert-butyldicarbonate was added and- stirring continued 
at room temperature for:21 hours. - The volatiles werW 
removed. in vacuo, . ethyl acetate added, then washed with ' 



t: p r r rr 
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5% citric acid, saturated sodium bicarbonate, brine, 
dried over magnesium sulfate, filtered and concentrated 
to afford 9 . 6g of crude product. Chromatography on 
silica gel using 30% ethyl acetate/hexane afforded 8.2g 
of pure N- [[ 3 S - (pheny lmethy Icarbamoy 1 ) amino ] -2R-hydroxy- 
4-phenyl ] -1- [ ( 2 -methy Ipropy 1 ) amino-2 - ( 1 , 1- 
dimethyle^ 

(M+Li) . ■' ■■ 

. fiymnplft 3ft 




mofHvlVnit y i i tm^hvTgiil fonvl)amiT10l -1S~ 
( P )iptiv1 moi-hyi i nronvl 1 carbamate 

To a solution, of N[3 (S) -benzyloxycarbonylamino- 
2 (R) -hydroxy-4-phehylbutyl] N-isoamylamine (2.0 gm, 5.2 
mmol) and triethylamine (723 uL, 5.5 mmol) in 
dichloromethane (20 mL) was added dropwise 
methanesulfonyl chloride (400 uL, 5.2 mmol). The 
reaction mixture was stirred for 2 hours at room 
temperature, then the dichloromethane solution was 
concentrated to ca. 5 mL and. applied to a silica gel 
column (100 gin) . The column was eluted wich chloroform 
containing 1% ethanol and 1% methanol. The phenylmethyl 
[2R-hydrpxy-3-[ (3-methylbutyl) (methylsulfonyl) amino] -IS 
(phenylmethyl) propyl] carbamate was obtained as a white 
solid Anal Scaled for C24H34N2O5S: C, 62,31; H, 7.41; N, 
6.06. Found: C, 62.17; H, 7.55; N, 5.97. 
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Examnlt. 




■ f Phenyl mPthvi i™ Trv1 1f . n rl ln m n r | 

Prom the reaction of N[3 (s) - 

benzyloxycarbonylamino^mj-hydro^^^henylbutyi] 
N-zsoamylamine (1.47 gm, .3.8 mmol, , triethyiamine (528 
' ■ 8 ^ benzenesulfonyl chloride (483 uL 3 a 

mmol) one obtains, phenylmethyl [SR-hydroxy-S^t (3- * 
methylbutyl) (phenylsulfonyl) amino] -is- 
(Phenylmethyljpropylj-c^^e; cdlufe , chtomotogr 
on silica, gel eluting with chloroform containing 1% 

ethanol afforded the pure product. -Anal/ calcd for 
C29H36N205S: C, 66.39; H, 6.92; N,' 5.34. Found: 66.37* 
H, 6.93; N, 5.26. . 




.r - ,» ^ " ^ ; - i * ■?* V . s S ■ ^ * r r P 

U AL a. ^. a. .1. * Jl. *- ^ *. a. _ ifc A. ^ ^ JkAL 



WO 94/04492 



PCI7US93/07814 



54, 
Example 4 




Preparation of Phenvlmethvl f 2R-hvdroxv-3- f (3- •. 
methvlbutv l ) (n-propanesulf onvl ) aminol -IS- 
(phenvlm ethvl ) pronvl 1 carbamate , 

To a solution of N[3 (S) -benzyloxycarbonylamino- 
2 (R) -hydroxy-4-phenylbutyl] H-isoamylamine (192 mg ,0.5 
mmol) and triethylamine (139 uL, 1.0 mmol) in 
dichloromethane (10 mL) was added dropwise trimethylsilyl 
chloride (63 UL,, 0.5 mmol) . The reaction was allowed to 
stir for 1 hour at room temperature, cooled to 0° C with 
an ice bath and then n-propanesulf onyl chloride (56 uL, 
0.5 mmol) was added dropwise. The reaction mixture was 
stirred for 1.5 hours at room temperature, then diluted 
with ethyl acetate (50 mL) and washed sequentially with 
IN HCl, water, saturiated sodium bicarbonate solution/ and 
saturated sodium chloride solution (25 mL each) . The 
organic solution was dried over magnesium sulfate, 
filtered and concentrated to an oil. The oil was stirred 
with methanol (10 mL) for 16 hours, concentrated and the 
residue chromatographed on silica gel (50 gm ) eluting 
with 10% ethyl acetate in hexane (450 mL) , then with 1:1 
ethyl acetate / hexane. The phenylmethyl [2R-hydroxy-3- 
[ (3-methylbutyl) (n-propanesulfonyl)amino] -IS- 
fphenylmethyDpropyl] carbamate was recrystallized from 
ethyl ether / hexane to afford a white solid Anal. Calcd. 
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for C26H38N205S: C, 63.64; H, 7.81; N, 5.71. Found- C 
63.09; H, 7.74; N, 5.64. 



ExamnlA ^ 




The procedure described in Example 2 was used to prepare 
phenylmethyl [2S-hydroxy-3- [ (3-methylbutyl) ,. 

To a solution of N[3 (S ) -benzyloxycarbonylamino-2 (S) - • 
hydroxy-4-phenylbutyl] , N-isoamy lamine (192 mg, 0.5 mmol, 
and triethylamine (139 uL. 0.55 mmol, in dichloromethane 
(8 mL) was added dropwise Imethanesulfonyl chloride (39 
uL. 0.55 mmol). The reaction mixture was stirred" for 16 
hours at room temperature, then the dichloromethane r 
solution was applied to a silica gel column (50 gm) The 
column was eluted with dichloromethane containing 2.5% 
methanol. The phenylmethyl [2s-hydroxy-3-[ (3- 
methylbutyl) (methylsulfonyl ) amino] -is- . 
(phenylmethyl)propyl]carbamate was obtained as a white 
solid Anal. Calcd. for C24H34N2O5S 0 0.2 H 2 0: C, 61.83; [ 
H, 7.44; N, 6 . 01 . Found: . C, 61.62; H, 7.40; N, 5.99. 



i 
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Example 6 

Following the procedures of the previous Examples 1-5, 
the intermediate compounds set forth in Tables 1A and IB 
were prepared. . ..-..„ J. ~. . ..... 

-TAPES 1A r— t- 




Kntry r3 R 4 



1 


isoamyl 


•* p- f luorophehy 1 


2 


isoamyl 


p-riitrophenyl 


3 


isoamyl 


o-hitrophenyi 


4 


r isoamyl 


fi-naphthyl 


5 


isoamyl 


2-thieiiyl 


6 


isoamyl 


benzyl 


7 


: isobutyl 


p-f luoropheiiy 1 


8 


p-f luorobenzyl 


phenyl 


9 


4-pyridylmethyl 


phenyl 


10 


eye 1 ohexy lmethy 1 


phenyl 


11 


allyl .. 


phenyl 


12 


propyl 


phenyl 


13 


eye 1 opr opy lme thy 1 


phenyl 


14 


methyl 


phenyl 


15 


propargyl 


phenyl 


16 


isoamyl 


p-chlorophenyl 
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TABLE 1A fPnny^) 



Entry 



R3 



17 
18 
19 
20 
21 
22 
23 
24 

25 
26 

27 

28 

29 
30 

31 
32 
33 
34 

35 

36 
37 
38 
39 

40 



isoamyl 
isoamyl 
isoamyl 
. isoamyl ' 
isoamyl, >■ 
isobiityl 
-CH 2 Ph 

-CH2-<D>rF 



-CH2-Q 



-CH2-^Q^-OCH 3 
-CH 2 -^N 



-CH2CH=CH2 



-CH2CH2Ph 

-CH2CH2CH2CH20H 

"CH2CH 2 N(CH3)2 



-CH3 

-CH 2 CH 2 CH2SCH3 

-CH 2 CH 2 CH2S(0)2CH3 

-CH2CH 2 CH(CH3)2 

-CH2CH 2 CH(CH3) 2 



p-methoxyphenyl 

m-nitrophenyl 

m ~ tr i f luoromethy lpheny 1 

o-rtethoxycarbonylphenyl 

P-acetamidophenyl 

phenyl 

-Ph ■ 

-Ph- 

-Ph • '■ 
-Ph ... 

-Ph ■ 

-Ph ' . . , 
-Ph 

-Ph ■;■ ' ' 
-Ph 

-Ph . - • 

-Ph ; t . y : . . • 

-Ph ' ' . ..^ 
-Ph 

-Ph 
-Ph 

-Ph ' 



-CH2CH2CH3 
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TABliE 1A rconf d) 



Entry 



R3 R* 



.41 - - -CH2CH2CH(CH3)2 _j=.C£3_ 



42 -eH2CH2CH(CH3)2 "^^~ F 

43 -CH2CH2CH(CH3)2 "^^" CH3 

CO z CH 3 ^ 

44 -CH2CH2CH(CH3)2 — <3) 

45 -CH2CH(CH3)2 ~^^~ F 

46 -CH2CH(CH3)2 -^j^.-NHAc 

47 -CH2CH(CH3)2 -^^~CH 3 

48 -CH2CH2CH3 -^^hQCH 3 

49 -CH2CH2CH2CH3 -^^-OCH 3 

50 -CH 2 CH 2 CH(CH 3 ) 2 -CF3 

51 -CH 2 CH(CH 3 ) 2 -CH3 

52 -CH 2 CH 2 CH(CH 3 ) 2 -CH 2 C1 

53 -CH 2 CH(CH 3 ) 2 -CH 2 =CH 

54 -CH 2 CH(CH 3 ) 2 -^^OCH 3 

55 -CH 2 CH(CH 3 ) 2 -CH=CH 2 

56 -CH 2 -CH)CH 3 ) (CH 2 CH3) -^^-OCHs 



w 



! 



r 



r 
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TABLE 1A (C.nr,*.^) 



1 I Q v.o 




^ >OCH 3 




OH,,R 3 

MASS MEASUREMENT 
MOLFORM CALC FOUND 

C29H36N2Q5S 531 (M+U) 531 
C29H36N2O6S 541 (M+H) 541 



^ ^-OCH 2 CH 3 CaoHaeN^S 555.2529 555.2582 

(M+H) 



r 




V/" CFa 




y- scH 3 




C28H33N2QSSF 529.2172 521 2976 
(M+H) 



C29H36N2Q5S2 563 (M+U) 563 



V /~ S0CH 3 CzgHaeNzOeSs 573(M+H) 573 



10 



^ ^-SQ 2 CH 3 C29H36N2O7S2 595(M+Li) 595 



h 
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TABLE IP lrnrrti 



Entry 



O 

N 
H 




1^ 



NH 



O 



Me O 
8 Me^N^ 



C1 " H 3 N *N^J!: 



R3 



-CH 2 CH{CH 3 ) 2 

-CH 2 CH(CH 3 )2 
-CH2CH{CH3)2 



-CH 2 GH 2 (CH 3 ). 



r 



it 

•4 



1 
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Mass Determination 
R 8 FORMULA Calc Found 



■ or 



C27H33N3O5S 512.2219(M+H) 521.2267 



OCH 3 f j[ CjgHasNaOgS 548.2407(M+Li) 548.2434 



Cr 



F l^jT ^ C^HajNsOsSF 530(M+H) 530 

a t^jT ^ C2 7 H 32 N 3 0 5 Sa 546(M+H) 546 
NO, T IT C 27 H 32 N 4 0 7 S 557(M+H) 557 



CT 



OH I J C 2 7H33N 3 0 6 S 528(M+H) 528 



Cr 
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TABLE 1C fPnnt-.fl) 



R8 



Mass Determination 
FORMULA calc Pound 



OCH, 



OCH, 



OCH, 



OCH, 



cr 

cr 

cr 
cr 



CH, 



C M H 35 N 3 0 6 S 542.2325(M+H) 542.2362 



C 28H 35 N 3 0 6 S 548.2407(M+U) 548 2393 



C 28H 35 N 3 0 6 S 543(M+H) ... 543 



Ca^fiOgNjS 547.2454(M-fLi) 547.2475 



OCH 3 tert-Butyl 



Cjc^gNzOfiS 513.261 1(M+U) 513.2593 



OCH, 



N r^V CH V 

l^JI C28H 35 N 3 0 7 S 564(M+Li) 564 



OCH, 



'3 + 



C28H 35 N 3 0 7 S 564(M+U) ■ " 564 



1 
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The following Examples 7-9 illustrate 7 
preparation of P-amino acid intermediates. These 

intermediates can be coupled to the intermediate 
compounds of Examples 1-6 to produce inhibitor compounds 
5 of the present invention containing p-amino acids. 

Example 7 

A. Preparation of 4 (4-methoxybenzyl) itaconate 




A 5 L three-necked round bottomed flask 
equipped with constant pressure addition funnel, reflux 

15 condenser, nitrogen inlet, and mechanical stirrer was 
charged with itaconic anhydride (660. 8g, 5.88 mol) and 
toluene (2300 mL) . The solution was warmed to reflux and 
treated with 4-methoxybenzyl alcohol (812. 4g, 5.88 mol) 
dropwise over a 2.6h period. The solution was maintained 

20 at reflux for an additional 1.5h and then the contents 
were poured into three 2 L erlenmeyer flasks to 
crystallize. The solution was allowed to cool to room 
temperature whereupon the desired mono-ester 
crystallized. The product was isolated by filtration oh 

25 a Buchner funnel and air dried to give 850. 2g, 58% of 

material with mp 83-85°C, a second crop, 17% was isolated 
after cooling of the filtrate in an ice bath. 1h NMR 
(CDCI3) 300 MHz 7.32(d, J=8.7 Hz,2H), 6.91(d, J=8.7 Hz, 
2H), 6.49{s, 1H), 5.85(s, 1H) , 5.12(s, 2H) , 3.83(s, 3H) , 

30 3.40{s, 2H). 



10 



15 



20 
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B. Preparation of Methyl 4(4 -methoxybenzyl) itaconate ■ ^ 

O CHj 

CH30^^ : 0 f 

5 A 5 L three-necked round bottomed flask 

equipped with reflux condenser, nitrogen inlet, constant 
pressure addition funnel and .mechanical stirrer was 
charged with 4 (4 -methoxybenzyl) itaconate (453 4g 1 81 
mol, and treated with l,5-dia 2 abicycloi4.3,0]non-5-ene I 
(275. 6g, 1.81 mol), (DBN)., dropwise so that the 

temperature did not rise above 1S°C, To: this stirring " 
nuxture was added a solution of methyl iodide (256 9g 
1.81 mol) in 250 mL of toluene, from the dropping funnel 
over a 45m period. The. solution. was, allowed to warm to ■ 
room temperature and stirred for an additional 3.25h. [ 

The precipitated DBN hydro iodide was removed by 
filtration, washed with toluene and. the filtrate poured 
into a separatory funnel. The solution was washed with 
sat. aq. NaHC0 3 (2 X 500 mL), 0.2N HC1 (1 x 500 mL) , and - 
brine (2 x 500 mL) , dried over anhyd. MgS0 4 , filtered ? 
and the solvent removed in "Eacua. This gave a clear ' 
colorless oil, 450.2g, 94% whose NMR was consistent with 
the assigned structure. 1 H NMR (CDC1 3) 3 00 MHz 7.30(d 
J=8.7 Hz, 2H), 6.90(d, J=8.7 Hz, 2H> , 6.34<s, 1H) , 
5.71( S , 1H), 5 09(s, 2H>, 3.82(s, 3H) , 3.73( S , 3H, , 

3.38(s, 2H). 13c NMR (CDC1 3 ) 170.46, 166.47, 159 51 * 
133.55, 129.97, 128.45, 127.72, 113.77, 66.36, SS.V 
51.94, 37.64. . 



2S 



30 



I 
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C. Preparation of Methyl 4 (4-methoxybenzyl) 2 (Ri- 
me thy 1 sue c inat e 




A 500 mL. Fisher-Porter bottle was charged with 
methyl 4 ( 4 -methoxybenzy 1 ) itaconate (71.1g, 0.269 mol), 
rhodium (R, R) DiPAMP qatalyst (204mg, 0.269 mmol, 0.1 
mol%) and degassed methanol (215 mL) . The bottle was 

10 flushed 5 times with nitrogen and 5 times with hydrogen 
to a final pressure of 40 psig. the hydrogeriation 
commenced immediately and after ca. Ih the uptake began 
to taper off, after. 3h the. hydrogen uptake ceased and the 
bottle was flushed with nitrogen, opened and the contents 

15 concentrated on a rotary evaporator tb give a brown oil 
that was taken up in boiling iso-octane (ca. 200 mli, this 
was repeated twice) , filtered through a pad of celite and 
the filtrate concentrated vacuo to give 66. 6g, 93% of 
a clear colorless oil, lH NMR (CDCI3 300 MHz 7.30 (d, 

20 t J=8.7 Hz, 2H) , 6.91(d, J=8.7 Hz, 2H) , 5.08(s, 2H) , 

3.82(s, 3H), 3.67(s, 3H), 2.95 (ddq, J=5.7, 7.5, 8.7 Hz, 
IH), 2.79 (dd, J=8.1, 16.5 Hz, IH)/ 2.45 (dd, J=5.7, 16.5 
Hz, 1H), 1.23 (d, J=7.5 Hz, 3H) . 

25 D. Preparation of Methyl 2 (R) -methylsuccinate 

A 3 L three-necked round-bottomed flask 
equipped with a nitrogen inlet, mechanical stirrer, . 
reflux condenser and constant pressure addition funnel 
30 was charged with methyl 4 (4-methoxybenzyl) 2 (R) - 

methylsuccinate (432. 6g, 1.65 mol) and toluene (1200 mL) . 
The stirrer was started and the solution treated with 



WO 94/04492 



b 

PCT/US93/07814 



6.7 



olTo llt Z ? (6 °° ^ J £r ° ro the ^pping fuhnel f 

for T^t " Se to «-C. After stirring ' 

5 ! temperature was 27<>c and the solution had " 

a™ a Plnk color. The solution was concentrate, W ' 

^ZOO^'T 17 —' ^ reSidue - s diluted with water T 
(2200 mL, and sat.- aq. NaHC0 3 (1000 ml., . Additional * [ 
NaHC0 3 was added until the acid had been neutralized ^ 

10 1000 '^r" PhaS " eXtiaCted With ^1- acetate (2 x ^ 
io 1000 mL, to remove the by-products and the aqueous layer " : 

- WaS aCldifi6d '° with cone. HCl. This solution 

was extracted with ; ethyl acetate (4 X 1000 mL, , washed F 
wxth brine, dried over anhyd. MgS0 4 , filtered enT 1 
concentrated on a rotary evaporator, to give a colorize 

15 JET "S" >10 ° Vthat - " 

short path apparatus cut 1: bath temperature 120*c @ 

±H) , 1.26 (d, J=6.9 Hz, 3R). 

E. Preparation of Methyl Itaconate 

O CH 2 

ho-A^v- och 3 5 



30 



A 50 mL round bottomed flask equipped with 
reflux condenser, nitrogen inlet and magnetic stir bar 
was charged , with methyl 4 (4-methoxyberizyl, itaconate 



I 



I 



± Ml 



y ^ . • v -v y r $t 

Jk. tiL. JL» J*. 
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C2 

(4.00g, 16, mmol) , 12 mL of touluene and 6 mL of 
trif luoroacetic acid.. , The solution was :kept at room 
temperature for 18 hours and then the volatiles were 
removed in vacuo . The residue was taken up in ethyl 
5 acetate and extracted three times with saturated aqueous 
sodium biccirbbnate - solution. The combined aqueous - — 
extract was acidified to pH=l with aqueous potassium 
bisulfate and then extracted three times with ethyl 
acetate. The combined ethyl acetate solution was washed 

10 with saturated aqueous sodium chloride, dried over 

anhydrous magnesium sulfate , filtered, : and concentrated 
in vacuo . The residue was then vacuum distilled to give 
1.23g, 75% of. pure product, bp 85-87 § 0.1 mm. 1h NMR 
; (CDCI3) 300 MHz 6.34(s, 1H) , 5.73 (s, 2H) , 3.761s, 3H) , 

15 3.38(s, 2H). 13c NMR (CDCI3) 177.03, 166.65, 129.2^6, 
132.99, 52.27, 37.46. 

F. Curtius Rearrangement of Methyl 2 (R) -methylsuccinate: 
20 Preparation of Methyl N^Moz-a-methyl [J-alanine. 




A 5L four necked round bottomed flask equipped 
25 with a nitrogen inlet, reflux condenser, mechanical 
stirrer, constant pressure addition funnel, and 
thermometer adapter was charged/with methyl 2(R) - 
methylsuccinate (184. lg, 1.26 rtlol), triethylamine 
(165. 6g, 218 mL, 1.64 mol, 1.3 equivalents), and toluene 
30 (1063 mL) . The solution was warmed to 85°C and then 
treated dropwise with a solution, of diphenylphpsphory 1 
azide (346. 8g, 1,26 mo 1 ) : ... oyer : a period : o f 1 . 2h . — The 1 
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15 



20 



25 



30 



solution was maintained at that temperature for an 
additional l.Oh and then the mixture was treated with 
4-methoxybenzyl alcohol (174. Ig, 1.26 mol) over a 0 33h 
period from the, dropping,, funnel. The solution was ' 
stirred at 8 8°C for . an, additional .2.2 5h and then cooled 
to room temperature. The contents of the flask were 
poured into a separator* funnel and washed with sat aa 
NaHC0 3 (2 X 500 mL> , 0 . 2N HC1 (2 X 500 mU , brine (! x 
500 mL), dried over anhyd. MgSO^ filtered, and 
concentrated in ^ to giye 302.3g, 85% of the desired 
product as a slightly brown oil. lH NMR (CDC1 3 , 300 MHz 

L*> 2( ^; 8 " 4 2n) ' 6 - 91(d ' J=8 - 4 HZ ' 2H) ' 5 ^(h». 

1H, 5 0 5 (s, 2H), 3.83(s, 3H>, 3.70,s, 3H, . 3.35(m, 2H) , 

2.70(m,.2H) : , ; 1.20(d, J=7.2 Hz, 3H). 

G. Hydrolysis of, Methyl N-Moz-a-methyl P-alanine- 
Preparation of a-methyl p-alanine Hydrochloride 




A 5 L three-necked, round bottomed flask - * 
equipped with a reflux, condenser, nitrogen inlet and 
mechanical stirrer was charged with methyl N-Moz -a-methyl 
P-alamne (218. 6g.; 0.78 moU; glacial acetic acid (975 
mL) ^ 12N hydrochloric acid (1960 mL) , ; T he solution 
was then heated to reflux for 3h. After the solution had 
cooled to room temperature (ca. Ih, the aqueous phase -was 
decanted from organic residue (polymer) and the aqueous 
Phase concentrated on a rotary evaporator, upon addition 
of acetone , to the. concentrated residue a slightly yellow 
solid formed that was slurried; with acetone and the white 
solid was isolated by filtration on a Buchner funnel 
The last traces of^acetone were removed by evacuation to 
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give 97. 7g, 90% of pure product, mp 12 8. 5-130. 5°C [a] d @ 
25°C=9.0°C (c=2.535, Methanol) . 1.H-NMR (D2O) 300 MHz 
3.29 (dd, J=8.6, 13.0 Hz, 1H) , 3.16(dd, J=5.0, 13.0m Hz, 
~ 1H) , 2.94 (ddq,; J=7 . 27 5 .0, 8 . 6 Hz,' 1H), i:30(d, J=7 .2 Hz, 
5 3H); 13c NMR (D2O) 180.84, 44.56, 40V27, 1 17.49. 

H. Preparation of N-Boc a-Methyl p-Alanirie 

H CH 3 -v 

R o 

10 ■ . . ' * \ . • . • 

A solution of a -methyl b-alanine hydrochloride 
{97. 7g, 0.70 mol) in water (1050 mL) and dioxane (1050 
mL) the pH was adjusted to 8.9 with 2.9N NaOH solution. 
This stirring solution was then treated with di- tert- 

15 butyl pyrocarbonate (183. 3g, 0.84 mol, 1.2 equivalents) 
all at once. The pH of the solution was maintained 
between 8.7 and 9.0 by the periodic addition of 2.5N NaOH 
solution. After 2.5h the pH had stabilized and the 
reaction was judged to be complete. The solution was 

20 concentrated on a rotary evaporator (the temperature was 
maintained at <40°C) . The excess di- tert -butyl 
pyrocarbonate was removed by extraction with ... 
dichlorome thane and then the aqueous solution was 
acidified with cold IN HCl and immediately extracted with 

25 ethyl acetate (4 X 1000 mL) . The combined ethyl acetate 
extract was washed with brine, dried over anhyd. MgSbj, 
filtered and concentrated on a rotary evaporator to give 
a thick oil 127. 3g/ 90% crude yield that was stirred wi±h 
n-hexane whereupon crystals of pure product formed, 

30 95.65g, 67%, mp 76-78°C, [a] d @ 25 <> C=-11. 8°C (c=2.4, 

EtOH) . A second crop was obtained by concentration of 
the filtrate and dilution with hexane, 15. 4g, for a 
combined yield of ,111. 05g, 78%. 1h NMR (acetone Ds) 300 



r 

L 1 
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10 



30 



« VsoT'^' 6 '° 5 <brS 3 - 35 <»' 3.22 (m, 

im, 2.50 <m. lH >. 1.45 (a. 9H> , l.l 9 (d, J =7 .3 Hz 3 H ) • 

C ^ ,ace t o.e :I > 6 , 17 7,01. 79.28, . 44 .44, ^ 

15.50. Elemental analysis calc'd. for C9H17NO4. c 

53.19. H, 8.42; N, 6.89. Found: C, 53 .36; H, 8 . 46; N, 



a-methvl B A |ll 80l ! lt:loa ° f ^^^thoxybenzyloxycarbonyl 

a methyl P-alanme methyl ester (2.81g, 10 . 0 mmol) i n 30 

^of 25% aqueous methanol was treated with lithium -■ 
is D ?! (1 ' 3 equivale ^> room temperature for a 

ZT ° d ^ SOlUti ° n ^ ia and 

the^ takSn ^ ^ 3 ^—. ^ water and ether - and 
the phases separated and the organic phase discarded 

The aqueous phase was acidified with aqueous potassium 

20 llTT, 6 t0 PH=1 - 5 "* thSn ^e times 

LLtd"' C °^ ined eth - eal ^ was washed with 

saturated aqueous sodium chloride solution, dried over 
anhydrous magnesium sulfate, filtered and concentrated in 
^ .ive 2.60 g, 97% of N-4-Metho^henzyloxycar^ 
a-methyl 0-alanine (N-Moz-AMBA) which was purif ^ d 

« recrystmization from a mixture of ethyl acetate and 

^Ts^i^L 2 ' 44g ' 91% of pure product; «* 96 -^°c ' 

MH + =268. 1 H NMR (D 6 -acetone/300 MHz) 1.16 (3H d 
J=7.2Hz, 2.70 (1H. m, . 3.31 (2H, m, . 3 . 31 : <3H, s, . 4.99 



C2H. s), 6.92 (2H. 4, J=8 .7 Hz), 7.13 (2H, d. J=8 .7 Hz) 



• tf 

a 



t 



k ]L JL 1. ■ i. ^ 1: w ^ * _ ^ m A. *L J*. ^ 
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> Following generally; the procedure of Example 7, 
the p^amino acids, set forth in Table. 1 were prepared. 

- ~ - — -1— - _ — Table —8-- — — - — '— - 



10 m=sgsssgis=s;g . 
Entry 






1 


; " : -CH3 > ■ 


H ' ^' 


H 


15 


2 ' . ' . 


-CH(CH 3 )2 


H " . 


• H 




3 


. ' -C(CH 3 )3. 


H , ■ ^ ' 


: ' H 




4 ' 


"■ H . 


H 


H 




5 


" H . 


-CH3 


H _ 




6 


H ■,-.< 


-CH3 


-CH3 


20 


7 


H \ . •"' ■ 




-G02CH 3 




8 " 




H *■ •'" 


-CONH2 




9 


-CH2CH3 . 


H : • 


H 




10 


, -CH 2 CH{CH3)2 


H • "■ • >• 


H 




11 


-CH 2 C6Hs 


H ■ ; " " 


H 


25 


12 


-CH2~"O~0H 


' H 


H 




13 


-CH2-0 


H 


H 




14 


-CH 2 COOH 


H 


H 




15 


H 


-CH(CH3)2 


H 




16 


H 


-CH 2 CH(CH 3 )2 


H 


30 


17 


H 


-CH 2 ~0 


H 
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Entry 

18 

19 

20 
21 



H 

H 

H 
H 



Rl ' 

-GH 2 CH 2 ~"0 
-(CH2) 3 "~0 



-(CH 2 ) 4 ^_* 
-(CH 2 )3CH(C 6 H5) 2 



Rl- 

H 

H 

H ' 



15 



Examnl «> 0 



Example 7 ^"X^^" 1 ^ thG P-cedure set forth in 

P 7/ the foll °wing p-amino. acid compounds were 
prepared. 



20 
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Example 1QA 




5 Preparation of 4 -Pvridinecarboxamide, 

N-r2R-hvdrow^-rr(4-met:hoxvnphenvl)suifonvl1 (2- 
methvlpro pyl ) aminol -IS- (phenvlmethvl) propyl 1 

To a solution of 231 mg (0.57 mmol) of 2R- 
10 hydroxy-3 - [ ( 2 -methy Ipropy 1 ) ( 4 -methoxypheny 1 ) sul f ony 1 ] 
amino-lS- (phenylmethyl) propylamine in 3 mL of methylene 
chloride at O C, was added 288 mg (2. 85 mmol) of 
triethylamine and then 112 mg(0.63 mmol) of isonicotinoyl 
chloride hydrochloride. After 19 hours at room 
15 temperature, the solvent was removed, ethyl acetate 
added, then washed with saturated sodium bicarbonate, 
brine, dried with magnesium sulfate, filtered and 
concentrated to afford 290 mg of crude product. This was 
chromatographed on silica gel using 3-5% 
20 isopropanol /methylene chloride as eluent to afford 190 mg 
of the desired compound; mass spectrum calc. for . 
C27H34N3O5S (M + H) 512.2219; found 512 .2280 . 

25 



30 



r 
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0CH 3 



hydroxybenzotriazole.in 3 ml, of anhydrous n , 

20 T ^ diiaide ^-^oride. After 2 ho ^ o c 
203 mg .( 0 .50 mmol) pf 2R-hydroxy-3 - r (2 m ^H^ 
- -^henyljsul^^ (4 - 
was added. After 22 hours at r Jf^ nylmethyl,pro ^ la '«ine 
so]ven , ours at room temperature, the 

solvent was removed in vacuo *i-v,„i 

washed with saturate c!' y added ' then 

over maZ ; f ^ b *= arbona te< brine, dried 

over magnesium sulfate, filter^ ^ „ 
20 afford 300 m„ ^ / mtered and concentrated to 



25 



if 



30 
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Example lift 




5 Proratio n nf Nl- f2R-hvrirnw-3- \ ( Vmethvlbutvl ) irngthvl- 
gtilf onvl) ^tnTTinl -is.- (nhgrivlmet.hvl )Drouvl1 -2S- f f 2- 
gninolinv l rarbonvl ) amino! bnt.anediamide ; 

Part ft: 

10 A solution of pheny Imethyl [!2R-hydroxy-3- t (3- 

methylbutyl) ( methyl sulfonylj amino ] - IS - (pheny Imethyl ) - 
propyl] carbamate prepared as in Example 3 (100 mg) in 
methanol (10 mL) was hydrogenated over 10% palladium on 
carbon for 2 hours, filtered through diatomaceous earth 

is and concentrated to give the product as an oil. 



Part B: 

A solutipn of H-CB2-It-asparagine (61 mg, 
0.23 mmol) and H-hydroxybenzotriazole (33 mg, 0.22 mmol) 

20 in DMF (2 mL) was cooled to 0° C with an ice bath and 
then EDC (42 mg, 0.22 mmol) was added. The solution was 
stirred for. 30 minutes at 0° C and then the product of 
Part A (69 mg, 0.21 mmol) in DMF (2 mL) was added. After 
30 minutes at 0° C the reaction was & lowed to warm to 

25 room temperature and stir for 16 hours. The reaction 
mixture was then poured into a 50% saturated aqueous 
solution of sodium bicarbonate (100 mL) and the resulting 
white precipitate collected by suction filtration, washed 
with water and dried in vacuo. The pheny lmethyl 

, 30 [3-amino-lS- [ [2R -hydroxy- 3- [ (3-methylbutyl) 



jt i. £ 



w r 
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(methylsulfonyl, ^inoj - ls _ (phenylmethyl, amino] carbonyl] - 
3 -oxopropyl , carbamate was obtained as a white solid Inal 
Cal=d. for C28H40N4O7S . 0,5 H 2 0: C ( 57.42; H, 7.06;T 
9.57. Found: C 57.72; H, 7.21; N, 9.24. 

Parr, c- • . - ■ . • 

A solution of phenylmethyl [3-amino-ls- [ [ 2 R- 
hydr 03{ y-3-t(3-methylbutyl) (methylsulfonyl, amino] -1 S - 
ph e nyl m e t hyl,amino]c a rbonyl]-3-oxopropyl]carbamate 

■it »Zl I' 23 ' inmethan01 (15mL > -shydrogenated-over 
Z. 10% palladium on carbon .for 6 hours, filtered through: 

diatomaceous earth and concentrated, to give the product ' 
as an oil . 

15 Part n. 

To a. solution of -the. product from part c (101 
■g. 0.23 nrn.pl, in DMF (5 mL,- was added 2-quinoline 
carboxylic acid N-hydfoxysuccinimide ester (67 mg,' 0 25 ; 
71 * T ^- aCti ^ -as stirred at room te^peraLe r 
16 hours then poured, into a 50% saturated solution of 
sodium bicarbonate (60 mL, . The resulting solid was 
collected by suction filtration washed with water and 
dried in vacuo,, The Nl- [2R-hydroxy-3- [ (3-methylbutyl, 
(methylsulfonyl, -amino] -is- (phenylmethyl, propyl] -25! r (2 _ 
quinolinylcarbonyl, -amino Jbutanediamide was obtained as a 
white solid Anal., calcd. for C 30 H 39 «so 6 S . 0.1 h 2 Tc ' " 
58.52; H, 6.71; N, 11.37J Found, C. 58 ? 34; H, ^S; N,' . . 
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5 Preparatio n nf Nl- f 2R-hvdroxv- 3 - f (3 -me thvlbutvl ) 

fnhPnvlBiilf ortvl V amino! -IS- (nhehvlmethvl ) propvll -2S- T (2- 
miinolinv lrarbQiivU amino! butanedi amide. 

, Part A; 

10 The CBZ protected compound pheny lmethyl [ 2R- 

hydroxy-3- [ (3-methylbutyl) (phenylsulf onyl ) amino] -IS- 
(pheny lmethyl ) propyl ] carbamate ( 200 mg , 0.38 mmol) was 
deprotected by hydrogenation over 10% palladium on carbon 
and the resulting product obtained as an oil. 

15' - ; ' 

' Parr B - 

The free amine from Part A was coupled with 
N-CBZ-L-asparagine (109 mg, 0.41 mmol) in the presence of 
H-hydroxybenzotriazole (63 mg, 0.41 mmol) and EEC (77 mg; 
20 0.40 mmol) to give pheny lmethyl [ 3 -amino- IS- [ [2R-hydroxy- 
3- [ (3-methylbutyl) (pheny lsulf ony 1 ) amino] -1S- 
( pheny lmethyl) amino] carbonyl] -3-oxopropyl] carbamate as a 
white solid Anal. Calcd. for C33H42N4O7S: C, 62.05; H, 
6.63; N, 8.77. Found: C, 61.86; H, 6.60; N, 8.64. 

25 

Part C: 

The product of Part B (110 mg, 0.17) was 
deprotected by hydrogenation over 10% palladium on carbon 
to give the product as an oil. 



WO 94/04492 

PCT/US93/0781 

reSUlting free 31,11116 was coupled with 
2- q u a „ol,„e carfcoxylic acid N-hydroxysucci^d^er 
(45 m g, 0.17 nunol, to give „1- [2 R-hydroxy-3-[(3 " 
5 ^thyl^tyljfphenylsulfonylJaminGl-ls-- 
(Phenylmethyl Ipropyl J -2S- 1 (2- 

Anal. Calcd..£orC35H 4lB5 o 6 S: C. 63.71; H. 6.26, N 
„ *>und: c. 6 3 . 59 , h, ..„, ». 10 . 42 . . 

Examn1 f 



CH 



'3V 



OH, O £ H 
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0 36 ^,' , T °, a SOlUti ° n o£ a-CBZ-L-eert-leucine (100 mg 

in PMF (3 ml,)' was added EDC (65 «g, 0.34 mmol) . The . 
solution was stirred for 60 minutes at room temperature 
and then the-product of Example 10. Part A ,10^ 0 32 

'« «"•*' *. taction was sur^ 

slturater 5 !^- 160 " '^Poured into a S0% 

saturated, solutions sodium bicarbonate (SO mL) The 

(25 mL) . The combined ethyl' acetate layers were wa S h=„ 
w th water ,25 m,,: ^ dried over masneLm ™t£*" < 
Filtration, and concentration produced an oil which was 
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chromatographed on silica gel (50 gm) eluting with 2.5 % 
methanol in dichloromethane . ■ The phenyimethyl [1S-[[[2R- 
hydroxy-3- [ (3-methylbutyl) - (methylsulfonyl j aii&no]-is- 
(phenylmethyl) propyl] amino] -carbonyl] -2 ,2- 
5 dime thy lpropyl] carbamate was obtained as a g i ummy sol id 
- r — AnaL Calcd. for G3 0H4 5N3O6S 0 2.2 H2O : C 5 8 .5 5 ; H-, — 
8.09; N, 6.83. Found: 0, 58.38; H, 7.77; N, 7.10. " 

Part B: 

10 A solution of phenyimethyl [IS- [ [[2R-hydroxy-3- 

[(3-methylbutyl) (methylsulfonyl) amino] -1S- 
I phenyimethyl ) propyl ] amino] carbonyl] -2,2- 
dime thy lpropyl] carbamate (100 mg, 0.17 mmol) in methanol 
(10 mL) was hydrogenated over 10% palladium on carbon for 
is 2 hours. The reaction was filtered through diatomaceous 
earth and concentrated to an oil. 

Part C: 

20 N , N-dimethy Igly cine (20 mg, 0.19 mmol) , ; 

U-hydroxybenzotriazble (28 mgV 0 . 18 mmol) and EDC (35 mg, 
0.18 mmol) were stirred in DMF (4 mL) at room temperature 
for 40 minutes. The product from Part B in DMF (4 mL) 
was added and the reaction mixture stirred for 16 hours, 
25 then poured into a 50% saturated sodium bicarbonate 
solution (50 mL) . The aqueous mixture was extracted 
three times with dichloromethane (30 mL) which, in turn 
were washed with water (30 mL) and dried over magnesium 
sulfate. Filtration and concentration afforded an oil. 
30 The oil was chromatographed on silica gel (50 gm) eluting 
initially with 2.5 % methanol in dichloromethane (400 mL) 
and then with 5% methanol in dichloromethane . The 2S- 
[ [ ( dime thy lamino) acetyl] amino] -N- [ 2R-hydr oxy -.3 - [ (3- 
methylbutyl) (methylsulf bnyl) amino] -IS- (phenyimethyl) 1 
35 propyl] -3, 3^-diine thy Ibutanamide, was obtained as. a ;white 
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solid Anal. Calcd. for 
56.04; H, 8.34; N, 9.87 
9.70. . 



C26H46N4O5S 0 0.5 CH2CI2: C, 
Found: C , 56.06; H, 8.36; N, 
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CH 



H 0 1 
CH 3 O = H 




10 




Part ft: 



15 



20 



25 



30 



, S ° n ° f N - CBZ - L - te "-leucine (450, mg, 
DMF. (10 mL) was added EDC (307 mg, . 1.6 ^ . The ^ " 
was stirred for : 60 minutes at room temperature an ^ ' 
product of Example" 11, Part A (585 mg, 1.5 m^i, in ^ 
(2 mL) was addsd. ; The reaction was, stirred for. 1 6 hours at 
room temperature, then poured, into a! 50% saturated so" i * 
of sodium bxcarbonate (200 mL, . aqueous mixture was 

extracted thrice with' ethyl acetate (50 mL, . . ^e combined 
ethyl acetat* layers were washed with water (50 mL, and ' 

ZZT 7£ SMUti ° n ^ ^ ^.magnesiu, 
sulfate. FUtrat.on and concentration produced an oil which 
was chromatographed on silica gel (50 gm, eluting with 20% 
ethyl acetate in hexane. The phenylmethyl [lS-[t[2R- 
hydroxy-3-[(3-methylbutyl) . (phenylsulfonyl) amino] -ls- 
(phenylmethyl , propyl] amino] carbonyl ] -2 , 2- 
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dimethylpropyl] carbamate was obtained as a solid Anal. Calcd 
for C35H47N3O6S: C, 65.91; H, 7.43; N, 6.59. Found: C, 
65.42; H, 7.24; N, 6.55. 

5 part B: 



A solution of phenylmethyl [IS- [ [ [2R-hydroxy-3- 
[ ( 3 -methylbutyl ) ( pheny Isul f ony 1 ) - amino] -1S- 
(phenylmethyl) propyl] amino] carbonyl] -2 , 2- 
10 dimethylpropyl] carbamate (200 mg, 0.31 mmbl) in methanol (15 
mL) was hydrogenated over 10% palladium on carbon for 2 
hours. The reaction was filtered through diatomaceous earth 
and concentrated to an oil. 

.15 Part C : . . 

The resulting free amine from part B (150 mg, 0.3 
mmol) was combined with diisopropylethylamine (114 uL, 0.33, 
mmol) in dichloromethane (5 iQL). To this was added 

20 bromoacetyl chloride (27 uL, 0.33 mmol) dropwise. The 
reaction was stirred for 30 minutes at room temperature; 
then diluted with dichloromethane (30 mL) and extracted with 
1 N HCl, water, and then saturated NaCl solution (25 mL 
each) . The organic solution was dried over MgSp4 and 

25 concentrated to a solid. The 2S- [ [bromoacetyl ] amino ] ^N- 
[2R-hydrqxy-3-[ ( 3 -methylbutyl ) (phenylsulf ony 1) amino] -1S- 
( pheny Imethyl ) propyl] -3 , 3 -dimethylbutaneamide was 
sufficiently pure for use in the next step. This material , 
can also be prepared by substituing bromoacetic anhydride 

30 for bromoacetyl chloride, or one can use chloroacetyl 
chloride or chloracetic anhydride. 
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The product from part C was dissolved in 
dichloromethane, (5 mL) and diisopropylethylamine (114 uL, 
0.66 ramol) and dimethylamine hydrochloride (53 mg, o. 66 
mmol) were added. The reaction was stirred for 18 hours " 
then concentrated under a stream of nitrogen to about 1m, 
The residue was chromatographed on silica gel (50 gm) using 
2% methanol in dichloromethane . The 2S-[ [ (dimethylamino) - 
acetyl] amino] -N- [2R-hydroxy-3- [ Omethylbutyl ) - 
(phenylsulfonyl) amino] -IS- (phenylmethyl) propyl] -3 , 3 - 
dimethylbutaneamide was obtained as a solid. Anal' Calcd 
for C31H48N4O5S: C, 63.24; H, 8.22; N/ 9.52. Found: C, 
63.03; H, 8.01; N, 9.40. 

ExamnTo l^r 



o k h 



Prepare j on of 2.q-rr(TnP^ v i a m inr)anp ^ 11;iI1li p 0l _ M . f:)R _ 
hYdrPxy-T- f-f 3-methvl - butyl i (nh Pm ,i m , i fflnv1la ^ Tl 
(Phenyl iti^rhyHpronvi t-i 1-**™^^™*™**? 



2S- [ [bromoacetyl ] amino ] -N- [ 2R-hydroxy-3>- [ ( 3 - 
methylbutyl) (phenylsulfonyl) amino] -is- (phenylmethyl ) propyl] - 
3,3-dimethylbutaneamide (103 mg. 0.16 mmol) and 40% aqueous * 
methylamine (42 uL, 0.49 mmol) were combined in ethanol 
(2 mL) and stirred at room temperature for 24 hours. The 
reaction mixture was concentrated to dryness and triturated 
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with ether* The solid material was removed by filtration 
and the filtrate concentrated to an oil. Thei oil was 
chromatographed on silica (50 gm) using 4% methanol in 

dichlorome thane . . The 2S- [ [ ( me thy laminoj acetyl] amino ] -N- [2R- 

5 hydroxy-3 - ( ( 3 -methy lbutyl ) ( phehylsul f ony 1 ) amino ] - IS - 

(phenylmethyl ) propyl ] -3,3 -dimethylbutaneamide was obtained 
as a solid. Anal. Calcd for C30H46N4O5S: C, 62. 69; H, 
8.07; N, 9.75. Found: C, 62.38; H, 8.14; N,, 9.60. 

10 . Example 12P , 




Preparation of Pentanamide > 2S- 
15 f f (DimethYlamino) )acetvllaminQl-N-f2R-hYdrQxy-3-r (3- 

methvlbutvl ) Phenyl sulfonyl) amino! -1S- 
(phenvlmethvl) propyl! 3S-methvl- 

Part A; . - ■ ' ■". 

20 To a solution the amine product of Example 11, 

Part A; (2.79 g, 7.1 mmol) in 27 mL of dioxane was added 
(2.3 g, 7.1 mmol) of N-t-butylcarbonyl-L-isoleucine-N- 
hydroxysuccinamide ester, and the reaction was stirred under 
nitrogen atmosphere for 16 hours. The contents of the 

25 reaction were concentrated in vacuo, and the residue 

dissolved in ethyl acetate, washed with potassium hydrogen 
sulfate (5% aqueous) , saturated sodium bicarbonate, and 
saturated sodium chloride. The organic layer was dried over 
magnesium. sulfate, filtered and concentrated to yield 4.3 
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rs 



10 



20 



grams of crude material which was chromatographed using 3-1 
ethyl acetate: hexane to obtain 3.05g, 72% yield of 
Pentanamide, 2S-[ [ (l,l-dixaethylethoxy,carbonyl]amino]-N- [ 2R 
hydroxy-3-t (3-methylbutyl)phenylsulfonyl) amino] -is- 
(phenylmethyl) propyl] -3 -methyl-. 



Part. R 

O.OSg, 5.0 znmol, of the product from Part A; was 
dissolved in 20 mL of 4N.HC1 in dioxane and stirred under 
nxtrogen atmosphere for 1.5 hours. The contents were 
concentrated in vacuo, and chased with diethyl ether The 
crude hydrochloride salt was pumped on at 1 mm Hg until dry 
to yxeld 2.54 g of product as its -hydrochloride .salt. 
15 Parr c 

' < 2 . 54 g, 5 . 0 mmol ) of amine hydrochloride was 

dissolved in 50 ml. of tetrahydrofuran and to this was added 
(1.01 g, 10 mmol) of 4-methyl-morpholine, at which time a 
precxpxtate forms. To this suspension was added 
chloroacetic anhydride (0.865 g, 5.0 mmol, and stirred for 
40 mxnutes. The contents were concentrated in vacuo, and ' 
the resxdue partitioned in ethyl acetate (200 mL, and 5% 
KHS0 4 . The organic layer was washed with saturated sodium 
bxcarbonate, and satuf ated sodium chloride, dried over 
magnesium sulfate, filtered and concentrated to yield the 
crude product. Purification by silica gel chromatography " 
usxng an eluant of 1:1 ethyl acetate; hexanes yielded 1 89 
grams of pure chloroacetamide . 

30 Parf r>.. 

To a solution of chloroacetamide (1.89 g 3 2 
nunol, from Part C, in 25 mL of tetrahydrofuran was 'added 4 0 
mL of 50% aqueous dimethylamine and the solution was stirred 
for 1 hour. The solution was concentrated in vacuo and the 
35 resxdue was dissolved in ethyl acetate and washed with 



25 
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water. The organic layer was dried over magnesium sulfate/ 
filtered and concentrated to yield the crude product which 
was purified by crystallization from ethyl acetate and 
isobctane to yield 1.80 g, (88% yield) , mp. =121-122 C/ 
5 HRes. MS. calc. 589.3424, fo und 5 89 .34 05. . ■-• ' ' 



Example 12E 



10 




Preparation of Pentanamide. 2S- f T (Methvlamino) acetyl 1 amino I - 
N- r2R-hvdroxv-3-T (3-methvlbutvl) (nhenvlsulf onvl ) amino! -1S- 

f phenylmetftvl ) propyl T -3S-methyl- 

15 •. .. : - ■ ■ 

To a solution of the chloroacet amide of Example 
12D, Part C, (2.36 g, 4.0 mmol) in tetrahydrofuran (25 mL) 
was added 3 mL of aqueous methylamine 40 wt%, and the 
reaction stirred for 1 hour. The contents were concentrated 

20 and the residue was partitioned between ethyl acetate (100 
mL) and water (100 mL) . The organic layer was dried over 
, magnesium sulfate, filtered and concentrated to yield the 
crude product, which was purified by recrystallization from ' 
ethyl acetate heptane; (M+H)575, HRes. found 575.3267. 
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25 




5 freparsirion of Pmtfln flW iicle, P.s-nmim^.h^^^ ^ r^,^^ 
N-f2R-tivrlrQxv-3-r } M . 

methOXYPhenvl Bill f Onvl ) aminol ^ 1S- fnhpnyl fflptftyl ) 

propyl - 

10. Part A- . 

To a solution of 2R-hydroxy-3-[ (2- 
methylpropyl) (^met^o^phenylsulfonyl) amino] 1-S-propy lamine 
(1.70. g. 4.18 imnol) in 40 mL of dichloromethane was added 
carbobenzylbxy-L-isoleucine-N-hydroxysuccinamide ester (1.51 
g, 4.18 mmol) and the solution stirred under nitrogen 
atmosphere for 16 hours. The contents were concentrated in 
vacuo and the residue was redissolved in ethyl acetate. The 
ethyl acetate solution was washed with an aqueous solution 
of 5% msoi. saturated- sodium bicarbonate, and saturated" 
sodium chloride, dried over magnesium sulfate, filtered, and 
concentrated to yield 2.47g of crude product. The product ? 
was purified by silica" gel chromatography using 1 2:1 
hexane: ethyl acetate eluaht to yield 2 .3 g. (84% yield) "of 
Pentanamide, 2-[ (carbbbenzylo^) amino] -N-[2-hydro3cy-3-[ (3- 
methylpropyl) (4-methoxyphenylsulf onyl) amino] -1- 
(phenylmethyl) propyl] -3 -methyl-, (4- (R*,is*,S*> ) ] . 



30 Parr, R< 



t 
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(1.18 g, 1.8 mmol) of the product from Part A was 
dissolved in 50 mL of methanol, and to this was added 250 mg 
of 10% Palladium on Carbon while under a stream of nitrogen. 
The suspension was hydrbgenated using 50 psig of hydrogen 
5 for 20 hours. The contents were purged with nitrogen and 
filtered through celite; and concentrated in vacuo to yield 
935 mg of Pentanamide, 2S- (amino) -N- [2R-hydroxy-3- [ (3- 
methylpropyl ) (4--methoxyphenylsulf onyl) amino] -1-S- 
(phenylmethyl) propyl] -3S-methyl-, which was used without 
10 further purification. j 

Part C; " "" " 

{0.935 g, 1.8 mmol) of the amine from Part: B was 
dissolved in 15 mL of dioxane and to this was added (190 mg, 

15 1.85 mmol) of 4-methylmorpholine folowed by (0.315 g, 1.8 
mmol) of chloroacetic anhydride. The reaction mixture was 
stirred under nitrogen atmosphere for 3 hours, concentrated 
in vacuo, and redissolyed in ethyl acetate. The ethyl- 
acetate solution was washed with 50 mL of 5% agueous KHS04, 

20 saturated NaHC03, and saturated NaCl solution, dried over 
MgSp4, filtered and concentrated to yield 613 mg, (68% 
yield) of Pentanamide, 2S- [ ( chloroacetyl ) amino] -N- [2R- 
hydroxy-3 - [ ( 3 -me thy lpropy 1 ) ( 4 -methoxypheny lsul f ony 1 ) amino] - 

;• IS- ( pheny Iniethyl ) propyl ] -3S-methyl-, after purification by ; 

25 silica gel chromatography using 1:1 hexane: ethyl acetate. 

Part D: 

To a solution of the chloroacetamide from Part C; 
(673 mg, 1.10 mmol) in 20 mL of tetrahydrofuran was added 5 

30 mL of 50 wt% aqueous dimethy lainine and the solution was 

stirred for 1 hour.. The reaction was, concentrated and, the 
residue was redissolved iri 50 mL of ethyl acetate and washed 
with 25 mL of water. The ethyl acetate layer was dried over 
magnesium sulfate, filtered and concentrated to yield a 

35 crude solid which was purified by silica gel column 
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chromatography using an eluant of 97:3 

dichloromethane: methanol to proivde 400. mg of Pentanamide, 
2S-[ [Dimethylamino) acetyl] amino] -N-[2R-hydro3^-3-[ (3- 
methylpropyl) (4-methoxyphenylsulfonyl) amino] -ls- 
5 (phenylmethyl)propyl]-3S-methyl-. 



y - Example 1 




Preparer i on^ of carbarni c a n a.'- pR-hvrh-nw- y r f M _ 

d i methyl flminODhpnvl imilfftm/l 1 ^2-mt»t->n/1nT- n n v H a Tn<T irl _i 
(PhftliYlmPthvl Inronvll - . nhonylmpfhvl <ae ^ far 

To a solution of lOOmg (0.19. mmol) of carbamic 
acid, [2R-hydroxy-3-[ [ Urfluprophenyl) sulfonyl] (2- 
methylpropyl) amino] -IS- (phenylmethyl)propyl] 
phenylmethyl ester in 1 mL of pyridine was added 53 \m of 
triethylamine and 120 UL (p. 95 mmol) of 40% aqueous 
dimethylam'ine. After heating for 24 hours at 100 C, the 
solution was cooled, ethyl acetate, added, then washed 
with 5% citric acid, saturated sodium bicarbonate, dried . 
over magnesium sulfate, filtered and concentrated. The 
resulting solid was recrystallized from ethyl 
acetate /hexane to afford 10 mg of the desired product;- 
mass spectrum m/e = 540 (M+H) . 



WO 94/04492 



PCT/US93/07814 



40 



Example 13B 




5 Preparation of-Carhamic acid, f 2R-hvdroxv-3 - \ f ( 4- 

methoxyphenvl) sulfonyll (2-mftthvlprQPYl)aiminQl -1S- 
v (phenYlmethvl)prQpyn-, 3 -pyri dimethyl ester 

part A; 

10 A solution of N-benzyloxycarbonyl-3S-amino-l,2- 

S-epoxy-4-phenylbutane (50g, 0.168 mol) and isobutylaraine 
(246g, 3 .24 mol) in 650/ mL of isopropyl alcohol was 
refluxed for 1.25 hours . The solution was cooled to room 
temperature, concentrated in vacuo and then poured into 

is 1L of stirring hexane whereupon the product crystallized 
from solution, was collected and air dried to give 57.6 g 
of N- [ 3S-benzyloxycarbonylamino-2R-hydroxy^ 
isobutylamine, mp 108-109 .5 C, mass "spectrum 
m/e=371(M+H) . : 

. part B; 

The amine from part A ( 1 . llg , 3.0 mmol) and 
trie thy lamine ( 3 2 4mg ,3.20 mmol ) in 20 mL of methylene 
chloride was treated with 715 mg (3. 46 mmol) of 4- 

25 methoxybenzenesulfonyl . chloride. The solution was 

stirred at room temperature for 6 hours , concentrated, 
dissolved in ethyl acetate, then washed with IN potassium 
hydrogen sulfate, saturated sodium bicarbonate, brine, 
dried over magnesium sulfate, filtered and concentrated 

30 to afford a clear oil. This was recrystallized from 
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20 



25 



diethyl ether to afford 1.27 g of carbamic acid, f2R - 
hydroxy-3- [ [ (4-methokyphenyl) sulf onyl] (2- 

methylpropyDaminoj-ls-iphenylmethyDpropyi]. 

Phenylmethyl ester, mp 97-ioi r m=~„ 

(M+H) . C. mass spectrum m/e=541 



30 



Pari- r. 



35 



A solution of 93 Omg (3 [ 20 mmol ) of. the ■ produet- 
of Part B in 30 *L of methanol was hydro g e„ated\ n 7 h ? 
Presence of 70 m g of a 10 % palladium o, .arbon cata^ 

mtra f ' 17 h ° UrS ' the Cat ^ st -s removed * 

mg of 2 T^H ^ *° 1Uti0n *o afford 704 

mg of [2R-hydro 3 cy-3-[ I U-methoxyphenyl> sulfonyl, (2- 

methylpropyl,amino]-l S - ( phenylmethyl,propylamine, mass 
spectrum m/e = 407 (M+H) , which was used directly Z the 
next step without purification ^ 



Part- 



To a solution of 2.5g (22.9 mmol) of 3- 

ZTT «T bin01 ^ 100 ° f acetonitrile was 

I 8 3 (34 ' 4 « N,N'-disuccinimidyl carbonate 

stirred f" IV ^ 

stored for 1 hour and then concentrated in vacuo.. The 
res ldue dissolved in ethyl acetate> — ^ 

s^ZT .TV^^' brine ' ^^-r mag n : 1 
sulfate, filtered and concentrated to afford 5.3 g of n- 

Hydroxysuccinimide-3-pyridylmethyl carbonate, mass 
spectrum m/e = 251 (M+H) , which; was used directly i„ the 
next step without purification 



Parr, k. 



7 o ^ T ° a . Solution of the amine from .par t ' c (2.87g, 
7 0 noaol, and 1.38 mL of triethylamine in 24 -mi -of 

(6.6 mmol, of N-hydroxysuccinimide-3-pyridyl carbonate - ' 
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from part D in 24 mL of methylene chloride. The solution 
was stirred for 1 hour, 100 mL of methylene chloride - 
added, then washed with saturated sodium bicarbonate, 
brine, dried over sodium sulfate, filtered and - J 
5 concentrated to afford 3.619 g of crude product. 

7 Chromatography on~ silicaT^er u~siiig7 2% methanol /methylene" 
chloride to afford 3.27 g of carbamic acid, [2R-hydroxy- 

. 3- 1 [ ( 4 -methoxypheny 1 ) sulfonyl] ( 2 -methy lpr opy 1 ) amino ] -1S- 
(phenylmethyl) propyl]-, 3-pyridylmethyl ester, mass 

10 spectrum m/e = 548 . (M+Li) . 

Example 13C 




is .... . • • . 

Prenaratinn.nf Cartiamic acid, T2R-hvdrQXV*3- 
T (Phenvlstilf onvl) Y ^-mPt-hvlnT-nnvl \ amino! -1S- 
( phenvlm^thvlVpronvll-. 3 -Wridvlmethvl ester 

20 part hi 

A solution of N-benzy lo^carbony 1 -3 S - amino- 1 , 2 
S - epoxy- 4 -pheny lbutane ( 50g , 0.168 molj and isobutylamine 
(246g, 3.24 mol) in 650 mL of isopropyl alcohol was 
refluxed for 1.25 hours. The solution was cooled to room 

25 temperature, concentrated in vacuo and then poured into 
1L of stirring hexane whereupon the product; crystallized 
from solution, was collected and air dried to give 57 . 6 g 
of N-[3S -benzy lbxycarbony lamiho - 2R-hydroxy- 4 -phenyl ]-N- .,. 
isobutylamine, mp 108-109.5 C, mass spectrum 

30 m/e=371(M+H) . 
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Part: B; 

The amine from part a (0.94g. 2.5 mmol, and 

5 chr^ " 1116 ' 288 m9 ' 2 - 85 mm0l) in 20 ^ °f -ethylene 
chloride was treated with 461 mg(2.61 mmol, of ■ ' 

benzenesulfonyl chloride. The solution was stirred at = 
room te^erature for 16 hours, concentrate, dissolved 
a: xn ethyl acetate, then. washed with IN potassium hydrogen 
_ sulfate,, saturated sodium bicarbonate; brine, dried over 
io magnesium sulfate, .filtered and' concentrated to afford a 
clear oil. This was recrystaliized from diethyl ether 
and hexane to •ffor4.0.73'g.^./' C ^Btad:c^kcld;. [2R- ' 
hydroxy-3-f (phenylsulfonyl, (2-methylpropyl, amino] -1 S - 
(Phenylmethyllpropyl] phenylmethyl ester, " mp 95-99 c 
.15 mass spectrum m/e=511 (M+H,. . ' 

pa rf r \ 

A solution of SOOmg of carbamic acid, [2R- 
20 7f°^- 3 ' 1 <^^ulfonyl, (2-methyipropyl, amino, -ls- 
20 (phenylmethyDpropyl]-, phenylmethyl ester in 20 mL of 
methanol was hydrogenated in the presence of 250 mg of a 
10% palladium on carbon catalyst under 40 psig for 3 
hours, the catalyst was removed by filtration, and the 
solution concentrated to afford 352 mg of t 2 R -hydroxy-3- 
25 t(phenyl S ulfonyl],2-methyl P ropyl,amino]-ls- 

(phenyimethyDpropylamine, mass spectra m/e = 377 (M+H) 
which was used directly in the next step without ' " ! 
purification. • .- • 

30 Parr, tv 

::; T6 , a solution of 1.24 mmol of 5-norbornene-2 , 3 - 

dicarboximido carbonochloridate (Henklein, p et al " ' 
^Synthesis 1987, 166-167, in 1 m, of anhydrous 'methylene 
chloride, was added a solution of 43 ul (2.44 mmol, of 3- 
35 pyridylcarbinol and .129 ^ (1.6 mmol, of pyridine in 1 mL ; 
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of methylene chloride at 0°C under a nitrogen atmosphere. 
After 4 hours at room temperature, 150 mg {0.4 mmol) of " 
[2R-hydroxy-3- [ (phenylsulf onyl] ) 2-methylpropyl) amino] -1S- 
( pheny Imethy 1 ) propylamine from Part C above was added and 
5 100 jlli of pyridine. After stirring for 15 hours at room 
temperature, ethyl acetate was added, then washed with iN 
hydrochloric acid, saturated sodium bicarbonate, brine, 
dried over magnesium sulfate, filtered and concentrated 
to afford 175 mg of crude product. Chromatography over 

10 silica gel using 1% methanol /methylene chloride tp afford 
69 mg of pure carbamic acid, [2R-hydroxy-3- 
[ (phenylsulf onyl) ( 2 -me thy lpropy 1 ) amino ] - IS- 
(pheny Imethy 1 ) propyl ] - , 3-pyridylmethyl ester, mass 
spectrum m/e = 512.2267 (M+H) ; calcd for C27H33N3O5S, 

15 512.2219. 

Example 13P 




0CH3 



20 

Preparation of Carbamic acid, r2R-hvdroxv-3- f f (4- -v 
r^thoxvphenvl) su If onyl 1 (2-mfithvlprorjvl ) amino! -1S- 
^henvlmethvD propvll-. 3-pvridvlmethvl ester, N-oxide 

25 To a solution of 211mg (0.39 mmol) of carbamic 

acid, [2R-hydroxy-3- [ [ (4-methoxyphenyl) sulfonyl] (2- 
methylpropyl ) amino] -IS- {pheny Imethy 1 ) propyl]-, 3 - 
pyridy Imethy 1 ester in 5mL of methylene chloride at O C 
was added 500 mg of 50% 3-chlc>roperbenzoic :acid. After 

30 stirring at room temperature for 1 hour, ethyl acetate 
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was added, the solution washed with saturated sodium 
bicarbonate,, 0.2N ammonium hydroxide solution and brine, 
dried over magnesium sulfate, filtered and. concentrated' 
to afford 200 mg of crude product. This was 
chromatographed on .CIS reverse phase, material: using 20- 
40% acetonitrile/water, then 100% acetonitrile to afford 
90mg of the desired product, which was then 
recrystallized from ethyl acetate/isooctane to yield 34mg 
of pure carbamic acid, [2R-hydroxy-3-[ [ (4- 
methoxyphenyi) sulfonyl] (2-methylpropyl) amino] -is- "" 
(phenylmethyl ) propyl] - , 3-pyridylmethyl ester, N-oxide; 
mass spectrum m/e=564 (M+Li) . . 




PrfiPflrafion of carhatnir -mfiA pw-hOrtr^yy - a-rV Ia. 
hYdrnxvphpnvl) mil fonvi i n-m»^,i r r nnv1 i am ,-„ r1 _■, ^_ 
20 (Phenyl nifirhvDpronvn- ^.n^,-^ 1rrhv1 oei . at 

A solution of 0.98 g (1.85 nimol) of carbamic 
acid, [2R-hydroxy-3 - [ [ (4-f luorophenyl ) sulfonyl] (2- 

25 methylpropyl) amino] -IS- (phenylmethyl) propyl] -phenylmethyl 
ester in 3.8 mL of anhydrous DMF was added to 22mg (7.4 
mmol) of 80% sodium hydride in 2 mL of DMF. to this 
mixture was added 0.40g (3.7 mmol) of benzyl alcohol. 
After 2 hours, the solution was cooled to 0 C, water 

30 added, and then ethyl acetate. The organic layer was 
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washed with 5% cirtic acid, saturated sodium bicarbonate 
and brine, dried oyer magnesium sulfate, filtered and 
concentrated to afford 0.90g of crude material. This was 
chromatographed on basic alumina using 3% 
5 methanol /methylene chloride to afford 0.70g of 2R- 

; . hydroxy-3- [ (2-methylpropyl) (4-hydrpxyphenyl) suifbnyl] : 

amino -IS- (phenylmethyl ) propylamine, cyclic carbamate; 
mass spectrum m/e=509 (M+H) . 

io part B; 

To a isolution of 0.65g (1.28 mmol) of the 
cyclic carbamate from part A in 15 mL of ethanbl, was 
added 2,6 mL (6.4 mmol) of 2.5N sodium hydroxide ' ^ 
solution. After 1 hour at reflux, 4 mL of water was 

15 added and the solution refluxed for an additional eight 
hours. The volatiles were removed, ethyl acetate added, 
and washed with water, brine, dried over magnesium 
sulfate, filtered and concentrated to afford 550 mg of 
crude2R-hydroxy-3- [ (2-methylpropyl) (4- 

20 hydroxyphenyl) sulf onyl] amino-lS- 
(phenylmethyl ) propylamine . 

Part C: 

A solution of crude 2R-hydroxy-3- [ (2- 
25 methylpropyl ) ( 4 rbenzyloxyphehyl) sulf onyl] amino-lS- . , • 
(phenylmethyl) propylamine in TO mL of ethanol was : s 
hydrogenated in the presence of 500 mg of a 10% palldium 
on carbon catalyst under 50 psig of hydrogen for 2 hours 
The catalyst was removed by filtration and the solvent 
30 removed in vacuo to afford 330 mg of 2R-hydroxy-3- [ (2- 
methylpropyl) ( 4 -hydroxyphenyl) sulf onyl] amino-lS- 
(phenylmdthyl) propylamine, mass spectrum m/e = 393 (M+H) 



Part P; 
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To a solution of 320 mg (0.82 mmol) of the 
amne from part C in 6 mL of DMF, was added 192 mg {0 76 

21 r lt ^^^' 3 ^ caroonate 
After 15 hours at room temperature, the .DMF was removed 
xn vacuo,, ethyL acetate added, washed with water, brine 

tTa e ff W Tjr eSiUm SUl£at6 ' filt6red *»* ™rate d 
to afford 390 mg of crude material. Chromatogrpahy on 

Z oT ""I USing 5Q " 8G% 6thyl ^ te/h --e afforded 180 
mg of carbamic acid, [2R-hydroxy-3- t f (4- 

hydroxyphenyl, sulf onylH2-methylpropyl> amino] -is- 
(phenylmethyDpropyl]-, 3,pyridylmethyl ester, mass 
spectrum m/e = 528 (M+H). 



15 



ExamnlA ^ f 




OCH3 



20 



25 



30 



To a solution of 9.5mgM0.09mmol) of 5- 
pyrxmidylcarbinoi in ImL of anhydrous, acetonitrile at 
room, temperature,.. was added 24mg <0,09mmol) of N N'~ 
disuccinimidyl carbonate and 19.1 ^ (0.24mmol) of 

oT 2 1 W After " irring 5 ^ ' 32 ~- (0.08M61, 
of 2R-hydroxy-3-[(2-methylpropyi) (4- 

was added and the solution stirred for 48 hours. After 
concentration in vacuo, methylene chloride was added. 
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then washed with a 1:1 mixture of saturated sodium 
bicarbonate and brine, dried over magnesium sulfate, 
filtered and concentrated to give 27 mg of crude product; 
Chromatography on silica gel using 2% methanol /methylene 
chloride afforded 22 mg of the desired product, mass. 



spectrum m/e=543 (M+H) . 

Example 14 




Preparation of ph^nvlinftthYl f \ r2R-hyflrpxY-3- 

f (3 -propyl) (Phenvlsulf onvl ) aminol -1S- 

(phenvlmethvl ) amino 1-carbonvl 1 -3 -oxooropvl 1 carbamate 



Phenylmethyl [2R-hydroxy-3-[ (3- 
propyl) (phenylsulfonyl) amino] -IS- (phenylmethyl) propyl] - 
carbamate (200 mg/. 0.40 ramol) was deprotected by 
hy dr ogenat ion over 10% palladium on carbon and the 

20 resulting free amine was coupled with N-CBZ-L-asparagine 
(157 mg,0.42 mmol) in the presence of 1 
N-hydroxybenzotriazole (114 mg, 0.84 mmol) and ETC 
(130 mg, 0.67 mmol) to give phenylmetlr/l[3-amino-lS- [ [2R- 
hydroxy- 3- [ ( 3 -propyl) (phenylsulf ony 1) amino] -1S- 

25 (phenylmethyl) amino] carbonyl] -3 -oxopropyl] carbamate as a 
solid. Anal. Calcd for C31H38N4O7S . 0 . 2H20: C, 60 . 61; 
H,6.30; N, ; 9..12. Found: C, 60.27; H,6.16; N,8.93. 



r 



T- TM V* 
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: Part, ft ; . .• / .,. . . , . 

N2- [ (1, i-dimethylethoxy) carbonyl] -N-methyi-i;- 
asparagine. was prepared from Boc-L-aspartic acid alpha- 
benzyl ester (l. 0g . 3.09mmol), methylamine . HC1 (209 W 
3 OSnunolK EDC(711 pg., 3 .7 mmol) . l-hydroxybenzotriazdle 
(627 mg., 4.63 nunql) , ;and N-methylinorpholihe (0.7 6 3 

mmol). lni*r-C2<ta)..,^^^ ' 
the reaction mixture was: diluted with ethyl acetate '"' 
washed with water, sat. .sodium, bicarbonate, 5% citric 
acid, brine, dried over magnesium sulfate and 
concentrated to an oil. The oil was taken up in 20 mL- 
dry ethanol, and hydrogenated in the presence of m w/w 
of 10% Pd on C at atmospheric pressure and room 
temperature overnight. The mixture was filtered through 
Celite and concentrated to a white solid foam, 670 nig. 

Part fi: 

A solution of phenylmethyl [2R-hydroxy-3- [ (3- 
methylbutyl) (phenylsulfonyl , amino] -IS - (phenylmethyl ) - " " 



U. 



.7. ? 



^ k 
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propyl] carbamate (310 mg, 0.59 mmol) in methanol (10mL) 
was hydrogenated over 10% palladium on carbon for 3 h., 
filtered through diatomaceous earth and concentrated to 
give the product as" an oil (214 mg) v This free amine 
5 (208 mg, 0*53 mmol) was coupled with N2-[<1,1- 
~" dimet^ (137~mg, ~ 

0.56 mmol) in the presence of N-hydroxybenzotriazole (102 
mg, 0.76mmol) and EDC (130 mg, 0.67mmol) to yield 290 mg 
of Nl[2R-hydroxy-3-[ ( 3 -methylbutyl ) (phenylsulf onyl) - 
10 amino] -N4 -methyl -IS- (pheny Ime thy 1) propyl] -2S- 1 (1,1- 
dimethylethoxy-carbonyl)andno] butane diamide. 

Part C: 

Nl [ 2R-hydroxy-3 - [ { 3 -methylbutyl ) (phenyl- 
15 sulf onyl) amino] ^N4-methyl-lS- (phenylmethyl ) propyl ] -2S- 

[ (1, 1 -dime thyl e t hoxy carbony 1 ) -amino] butane diamide (270 . 
mg, 0.43 mmol) was stirred in 4N HCl in dioxane (5 mL) at 
r.t. for 0.5 h. Solvent and excess reagent were 
evaporated to dryness. The product was dried in vacuo. 
20 This material (125 mg, 0.225 mmol) was then reacted with 
2-quinoline carboxylic acid N-hydroxysuccimide ester (61 
mg, 0.225 mmol), N-me thy Imorpho line (50 uL, 0.45 mmol) in 
methylene chloride (2 mL) for 3 h. The product Nl[2R- 
hydroxy-3- [ (3 -methylbutyl ) (phenylsulf onyl) amino] -N4- 
25 methyl-lS- (phenylmethyl) propyl] -2S- [ (2- 

quinoliny lcarbony 1 ) -amino] butane diamide was purified by 
silica gel chromatography. Anal. Calcd for 
C36H43N5O6S.O.2H2O: C, 63.83; Hi 6.45; N, 10.34. Found: 
C, 63.64; H,6.40; N,10.34. 



30 
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/O/ 



Examnl » y 



Following the procedures set forth above, the 
following compound was also prepared.-: 



CH 3 0 




CH 




10 



15 



20 



25 



Thus, 4 log, (T^mol). of Carbamic acid, [ 2R-hydroxy-3 - 
[ (3-methylbutyl) (phenylsulphonyl ) amino] -is- 
(phenylmethyDpropyl]-, phenylmethyl ester, [R- (r* s . n _ 
was hydrogenated in a solution of methanol and ethanol 
usxng catalytic Pd/C 10% at 50 psig hydrogen for 3 hours 
The catalyst was filtered and the solvents removed in ' 
vacuo to yield 3.0 grams of free amine. 

add^T^r fl3Sk ' 2 ' 0 "' (? - 8 nUn0l) ' ° f N-Mo-AMBA was 
added to 10 mL of dime thy lformamide and 1.58g (i 5 

equiv.), of N-hydroxybenzoltriazole and the solution was 
cooled to. 5 degrees C. To this solution was added 1 49g 
(7.8 mmol), of EDC and the solution stirred for 30 min ' 
To this was added the free amine in 10 mL of 
dimethylformamide, and the reaction was stirred for 20 
hours. The solvent was removed by evaporation and the 
crude material was partitioned between ethyl acetate and 
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saturated aqueous sodiuiti bicarbonate. The ethyl acetate 
layer was washed with 5% potassium hydrogen sulfate and 
brine, dried over magnesium sulfate, filtered and 
concentrated to yield 2.58 grams of pure product after _ 
recrystallization from ethyl acetate, ether, and hexanes. 
52% yield. . — — ; -— — — — — : 



. Example IS 

10 Following the procedures of Examples; 1-15 : the compounds 
shown in Table 3 were prepared. 



15 



20 



25 











■ ■ ; ' O 1 

R-NH II ' J 








R 1 


OH 




Entry No. R 




Rl R3 


R* 



1 Cbz t-Butyl 

2 N,N-Dimethylglycine t-Butyl 

3 Cbz i-Propyl 

4 cbz sec -Butyl 

5 Cbz CH2C(0)NH2. 

6 N-Methylglycine t-Butyl 

7 Cbz t-Butyl 

8 N, N-Dimethylglycine t-Butyl 

9 N-Methylglycine t-Butyl 

10 N, N-Dimethylglycine t-Butyl 

11 N-Methylglycine t-Butyl 



i-Amyl 

i-Amyl 

i-Amyl 

i-Amyl, 

n- Propyl 

i-Amyl 

i-Butyl 

i-Amyl 

i-Amyl 
i-Butyl 

i-Butyl : 



Methyl 

Methyl 

Phenyl 

Phenyl 

Phenyl 

Phenyl 

Phenyl 

Phenyl 

Phenyl i 
(4-0CH 3 ) Phenyl 

(4-OCHj) Phenyl 
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TABLE 4 




Entry No. R 



R3 



R4 



10 



15 



20 



1 


Cbza 


CH3 


2 


Cbz . 


i -Butyl 


3 


Cbz 


i -Butyl 


4 


Qb 


i -Butyl 


5 


Cbz . 


i -Propyl 


6 


Q 


i- Propyl 


7 


Gbz 


C 6 H 5 


8 


Cbz 


-CH2-Q 


9 


Cbz" 


-CH 2 -@ 


10 


Q 


-CH2-0 




Cbz 


-o 


12 


Cbz 


i -Butyl 



n-Butyl 
CH3 

n-Butyl 
n-Butyl 
n-Butyl 
n-Butyl 

n-Butyl 
n-Butyl 
n-Butyl 
n-Butyl 
n-Butyl 
n-Propyl 



I 
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table 4 (cont'd. ) 



■ t 

5 


Entry 


NO . R 


R3 


R4 




13 


Cbz 


i-Butyl 


-CH2CH(CH3)2 




14 


Cbz 


(R) -CH(CH3)-h^ 


n-Butyl T 




15 


Cbz 




i -Propyl 




16 


Cbz 


-CH2-Q 


-CH2CH2CH(CH3)2 


10 


17 


Cbz 


i-Butyl 


-CH2CH3 




18 


Cbz 


1 -Butyl 


-CH(CH3)2 




19 


cbz ; 


i-Butyl 


-O [ 




20 


Q 


-Butyl 






21 


Cbz 


- CH 2-\_/ 


- \wW2 / 2v** VU113 ' 2 


15 


22 


Cbz 








23 




i— Butyl 






24 


Cbz 


i-Butyl 


-C (CH7 ) 7 




25 


Q 


i"outyi 


-C (CH3) 3 




26 


Cbz 




-C (CH3 ) 3 


20 


Z J 


Q 


-CH9 - fSlSl 


-C(CHj)3 




28 


Cbz 




-C (CH3 ) 3 




29 


Q 


-(CH2)2CH(CH3)2 


-C (CH3 ) 3 




30 


Cbz 


-CH2C6H5 


-C (CH3 V3 




31 


Q 


-CH2C6H5 


-C(CH3)3 


25 


32 


Cbz 


-(CH2)2C6H5 • 


-C(CH3)3 




33 


Cbz 


-(CH2)2C6H5 


-C(CH3)3 I 




34 


Cbz 


n-Butyl 


-C(CH3)3. 
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20 



Entry No. R r3 r 4 



n-Pentyl -C(CH3>3 
n-Hexyl -C (013)3 



5 



-CH 2 -^J -C(CH 3 ) 3 

-CH2C(CH3)3 ]■ -C(CH 3 ) 3 

10 39 Q -CH 2 C(CH 3 ) 3 -C(dH 3 ) 3 

-CH2CH2-N^\> -C(CH3)3 

-CH2C6H5OCH3 (para) -C (CH3 ) 3 

' CH2 "~0 -C(CH 3 ) 3 



35 


■;• Cbz 


36 


Cbz- 


37 


Cbz 


38 


Cbz 


39 


q 


40 


Cbz 


41 


Cbz 


42 


Cbz 


43 


Cbz 


44 


Cbz 


45 


Q 


46 


Cbz 


47 


Q 


48 


Q 


49 


Q 


50 


Cbz 



-CH 2 -^ON .-C.(CH 3 )3 

15 44 Cbz -(CH 2 )2C(CH 3 )3 ' -C{CH 3 ) 3 

-(CH 2 )2C(CH3)3 -C(CH 3 ) 3 

-(CH2)40H -C(CH3)3 

~ (CH 2 j 4OH -C(CH3)3 
-CH2"@-F ( -C(CH 3 ) 3 

" CH2 "© N -C(CH 3 )3 

-CH2CH(CH 3 ) 2 -C 6 H5 - 

51 lyiyj -CH2CH(CH 3 )2 -C6H5' 

• O • . . '• 

52 (CH^N^JL -CH 2 CH{CH 3 )2 -C 6 H 5 




r 
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TABLE- 4 (Cont'd.) 



Entry No. R 



R3 



R4 



0CK 




ID 57 



-CH2CH(C-H-3)-2 G6H5— 



-CH2CH(CH3)2 -C6H5 



-CH2CH(CH3)2 -C6H5 



-GH2CH(CH3)2 -C6H5 



-CH2CH{CH3)2 -C6H5 



-CH2CH(CH3)2 -C6H5 



-CH2CH(CH3)2 I -C6H5 
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TABLE , 4 (Cont'd. V 



Entry No. R 



R3 



R« 



66 



67 



68 



69 

ID 70 
71 

72 
73 

74 




-CH2CH(CH3)2 



-C6H 5 ; 



Q 
Q 



-CH2CH(CH3)2 



-CH2CH(CH3)2 



-CH2Ph 
-GH 2 -@-F 

CH2-0 
-CH 2 -@-OCH 3 

-GH2^{0 H 



-C6H5 



-C6H5 



-CH2CH(CH3)2 -C6H5 



-Ph 
-Ph 

-Ph 
-Ph 

-Ph 
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TABLE 4 farmf^,') 



Entry No. 



R3 



R4 



10 



15 



75 






-Ph 


76 v 


Q 


-CH2CH=CH2 


-Ph 


77 


o ■ 
** 




-Ph 


78 


y 




-Ph 








7Q 


Q 


, -CH2CH2Ph 


r Ph 


an 


Q 


-CH2CH2CH2CH20H 


-Ph 


81 


Q 


-CH^CH^NfCHr) o 


-Ph 


82 




^-«2<-*i2-N . O 










83 


Q 


-CH3 


-Ph 


84 


Q 


-CH2CH2CH2SCH3 


-Ph 


ft ^ 

Oj 


Q 


-GH 2 CH2CH2S(0)2CH 3 


-Ph 


86 


Q 


-CH2CH2CH2CH (CH3 ) 2 




87 


: q 


-CH2CH2CH(CH3)2 


-CH 2 -^ 


88 


' Q 


-CH2CH2CH(CH3)2 


7CH2CH 2 CH3 


89 


Q 


-CH2CH2CH2CH(CH3)2 


-CH3 


90 


Q 


•CH2CH2CH(CH3)2 


-<§>-F 


91 ; 


' :.Av::Q 


-CH2GH2GH(GH3)2 




92 


Q 


-CH2CH 2 CH(CH3) 2 . 


-@-N0 2 


93 


Q 


-CH 2 CH 2 CH(CH3)2 


"0 



t 
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TAPLB 4 (Cont'd.) 



5 



Entry No. R R3 r4 



94 , 


.' Q 


_ . -CH2CH2CH(CH3)2 


95 - 


Q. - - 


-CH2CH2CH(CH3)2 


96 


Q 


-CH2CH2CH(CH3)2 


97 


Q 


■- -CH2CH2CH (CH3)2 


98 


Q 


-CH2CH2CH(CH3)2 


99 


Q 


-CH2CH2CH(CH3)2 


100 


Q 


-CH2CH2CH(CH3)2 


101 , 


Q 


-CH2CH2CH(CH3)2 


102 


Q 


-CH2CH2CH(CH3)2 


103 


Q 


-CH2CH(CH3 )2 


104 


Q 


-CH2CH(CH3)2 


105 


Q 


-CH2CH(CH3)2 


106 




-CH2CH2CH3 


107 


Q 


-CH2CH2CH2CH3 



20 a benzylbxycarbonyl 

b 2-quinoliriylcarbonyl 



-OCH3 

©CI 

-©-CH 3 
COj,CH 3 

-®-F 

-^^-NHAC 
-©-CH 3 

-^3)-OCH 3 



& 
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TABLE q 
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Entry 



R3 



R4 



1 
2 
3 
4 

5 ■ 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

18 
19 



Cbz-Val 
Cbz-Leu ... 
•Cbz-ile 
Ac-D-liomQ-phe • 
, ,.Qui-Orn(g-cbz), 

Cbz-Asn 

Acetyl-t-BuGly 

Acetyl-Phe 

Acetyl-ile 

Acetyl-Leu 

Acetyl-His 

Acetyl-Thr 

Acetyl-NHCH (C <CH 3 ) ? (SCH 3 ) )C (0) • 

Cbz-Asn 
Cbz-rAla 

(N , N-dimethylglycinyl ) Val 
(N-methy lgly cinyl ) val 
(N, N-dimethylglycinyl ) lie 
(N-methy lglycinyl) lie 



i-amyl 


-C6H5 


i-amyX' 


-C6H5 


i-amyl " 


-C6H5 


i-Bu 


methyl 


-CH 2 -^ 


" -C6H5. 


-CH2CH=CH2 


-C 6 H 5 


i-amyl 


-C 6 H 5 


i-amyl 


-C6H5 


i-amyl 


-C6H5 


i-amyl 


-C 6 H 5 


i-amyl 


-C6H5 


i-amyl 


-C 6 H 5 


i-amyl 


-C6H5 


i-amyl 


-C6H5 


i-amyl 


-C6H5 


i-amyl 


-C 6 H S 


i-amyl 


-C 6 H 5 


i-amyl 


-C 6 H 5 


i-amyl 


-C 6 H 5 



i«- 1^ ^ ., ^ ^ ' «_ 
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TABLE S (Cont'd) 


Qtry 




R3 




20- — 


Cbz-Ala - 'C'. . 


i-amyl 




21 


Cbz-beta— cvanoAla * 


i-arayl 




22 


Cbz— fc-BuG'lv ' ~^ .•• 


i-ainvl — 




9^ 


O— 1-— RnGlv 










i-antvl 




ZD 


/^\^ mm PptJa Aim 

CDZ-SCH3CyS 


J, diuyl 




ZD 


Q-ASp " 


1 — aTTT\/ 1 

-L ollly X 


— PcWe 
V6 tt 5 


27. 


CDZ- (NHCH (C 1CH3 ) 2 ISCH3 J ) C tUJ - 


JL— ciiny 1, 


- -C6H5 


28 


Cbz-EtGly 




-C6H5 


29 ' 


Cbz-PrGly . 


i-ainyl 


-C6H5 


30 


Cbz-Thr 


i-amyl 


-G6H5 


31 


Q-Phe 


i-amyl 


- -C6H5 


32 


Cbz-Phe 


jL^amyl 


• -G 6 H 5 


33 • 


CH2= CHGH 2 0)C=0) 


i-Butyl 


-C 6 Hy 








(4-OCH3) 
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Entry 
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TABLE. 




O I n 

OH R 3 



CH 



R 3 R 4 
CH 3 — 

ch7*\ / 



:OCH, 



Cr 



MASS MEASUREMENT 

MOL FORM CALC FOUND 
M+H 



C27H38N2O5S 503.2661 503.2624 




o- 



C28H40N2Q5S 517.2736 517.2777 



Cag^NAS 531 .2893 531 .291 6 




C3 2 H4oN20 5 S 565.2736 565.2731 




H 



|l Cab H35N3Q5S 550.2376 550.2427 



% n r ■ r 
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Entry 




MASS MEASUREMENT 

R 3 R 4 R 7 

rH MOLFORM CALC FOUND 
CH 3 /=v . / CH3 

6 CH 2 ^ChJ\_^~ OCH3 H 3 C-^3~" C * H mN2°5S 539(M+H) 539 

CH 3 

7 CasHasNaOsS ? ? 

o 3 CaoHasNzOsS 539:2580 539.2591 

(M+H) 
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TABLE <r.nnfH\ 



Entry 




r 7 ^nhV^n *R 4 

• OH R 3 

4 MASS MEASUREMENT 

^ r4 r7 MOLFORM CALC FOUND 

(M+H) 

CH 2 ^CH 3 ~^3" OCH3 C27H33N 3°6S 512.2219 512.2271 [ 

CH 3 

10 ,N"< 

" N >— CaHasNgOsS 526.2376 526.2388 



9 




11 



N \— C27H33N3O5S 512.2219 512.2287 




12 \=/~~ C28H 3 3N 2°S CIS 545.1877545.1887 

^S— C3oH38N205S 539,2580 539.2592 



13 



14 



'CH 3 



€H 2 (CH 3 ) 2 

/V— ^H^jNaOsS 553.2736 553.2714 




C30H38N2OSS 539.2580 539.2632 

CH 3 

HaQ CH 3 

16 \S— C 30H38N 2 O 5 S539 (M+H) 539 



f 
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TABLE 5A tcont'dl 

Entry 




OH R 3 

MASS MEASUREMENT 
ff. R 4 R 7 MOLFORM CALC FOUND 

S0 2 CH 3 

^P.H-^P.H- - V_^~° CH3 (' : 1 CaHasN^Sis 589.2042 589.2086 

(M4H) 




C29H36N2O7S2 595.2124 595.2103 
(M+Li) 

Cz*h£W>l&2 595.2124595.2191 
(M-HJ) 

CH2SO2CH3 

20 'Ga&aaNASa 609.2281 609.2313 

\=/ (M+U) 

H3CSO2CH2 

21 ^"V- CabHsaNzOrSz 603.2199 603.2247 

\— / (M4H) 



H-iCSOoCH,^-/? — CaoHasNzOzSa 603.2199 603.2266 
z z \ / (M44H) 



s 



-r ■ 



v * W f * F 
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//7 

TABLE fConf.Ml 



Entry 




R 3 R 4 - R 7 MOLFORM CALC 



OHR3 
EXACT MASS MEASUREMENT 

FOUND 



(M+H) 



23 ^^CHs 3 -^ //XN 




24 . ""C^ Y/~ C ^H 32 N204S 481 .21 61 481 .2213 

CH 2 ' ch 3 ^— J N==/ 

25 CH ^CH ""C^" 00 ^^^^"" ^"ssNjOsS 51 1.2267 511.2319 

26 CH ^CH "~C5~ OCH3 ^W~~ C69H36N2 ° sS 525 - 2423 525.2469 



1 QH 3 



27 



28 



C29H36N20sS 525.2428 525.2464 



CaHasNjOfeS 541 .2372 541 .2332 



C29H36N2O5S 525.2423 525.2432 
,OCH 3 

29 / \ 




H3CO 

30 \_/~ C29H36N Z°6 S 541.2372541.2355 

H 3 CO-^ ^ — C29H36N2O6S 541 .2372 541.2329 



*f ~ 7 * f - j ■ * . v ** s: r ;r ; it wt ' jr r it t r . 

k ~ t ^ 1 ■ -L ^ - i ■ V - * . * *. i i. a. 
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/// 

•Table Exitry IC 50 (uM> „ or % inhibition 



1A 


3 : 


0.02 


5A 




0.04 


5A ' ' 


,i.'.',y 


-0.02 


5A 


4 


0,01 


5A 


5 . 


0.026 


5A 


6 


0 . 023 


5A 




0.007 


5 A 


9 - w 


0 .067 


5A 


ii 


0.018 


5A 


12 : 


6.006 


5A 


13 


0.0098 


5A . . - 


' '14 


0.049 


SA 


16 


0.008 


5A 


v-- 17 ■ ' ? ^ 


59% e 10J1M 


SA 


18 


0.13 


5A 


• '" 19 


0.092 


5A 


20 


85% © 1MM 


5A 


22 


63% S lpM 


5A 


24 ti .. 


0.047 ,. 



- T -■• * t' i : w y r 
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TABLE I 5B (cont'd) 



Table 



Entry 



IC 50 (uM) or % inhibition 



5A 
5A 
5A 



'25 
26 
28 



0.014 
0.005 
0.015 



5A 
5A 
5A 



29 
30 
31 



0.19 
0.03 
0.02 



rr 
u 



it 



w r r ■ - v 
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TABLE 6 




Entry 



1 


CH2SO2CH3 


2 


(R)-CH(OH)CH3 


3 


CH(CH3)2 


4 


(R,S)CH2SOCH3 


5 


CH2SO2NH2 


6 


CH2SCH3 


7 


CH2CH(CH3)2 


8 


CH2CH2C(0)NH2 


9 


(S)-CH(OH)CH3 


10 


-CH 2 C SC-H 
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TABLE 7 




Entry r2 " , ,.-„ A ,■ 

r 



1 


n-Bu 


Cbz-Asn 


2 


cyclohexylmethyl 


Cbz-Asn 


3 


H-Bu 


Boc 


4 


n-Bu 


Cbz 


5 


C6H5CH2 


Bog 


6 


P-F-C5H5CH2 


Cbz 


7 


C6H5CH2 


benzoyl 


8 


cyclohexylmethyl 


Cbz 


9 


n-Bu 


Q-Asn 


10 


cyclohexylmethyl 


Q-Asn 


11 


C6H5CH2 


Cbz-Ile 


12 


C6H5CH2 


Q-Ile 


13 


P-F-C6H5CH2 


Cbz-t-BuGly 


14 


C6H5CH2 


Q-t-BuGly 


15 


C6H5CH2 


Cbz-Val 


16 


' C6H5CH2 


Q-Val 


17 


2 -naphthy lmethy 1 


Cbz-Asn 


18 


2 -naphthy lmethyl 


Q-Asn 


19 


2 -naphthy lmethy 1 


Cbz 


20 


n-Bu 


Cbz-Val . 


21 


n-Bu 


Q-Val 


22 


n-Bu 


Q-Ile 


23 


n-Bu 


Cbz-t-BuGly 
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TMM 7 (Cont'd) 
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Entry R 2 A 

. ; .„ . ,..„.._ 24 .; ... n-Bu ' ^ Q-t-BuGly - 

25 p-F(C6H4)CH2 . : Q-Asn 
-~ '_26 — L:___p-E.(C6H4).CH2^_ i ' : : £bz 

27 p-F(G6H4)CH2 Cbz-Asn 

28 C6H5CH2 ' Cbz-propargylglycine 

29 C6H5CH2 Q-propargylglycine 

30 V C6H5CH2 

acetylpropargylglycine f 



W F 



f 
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/«2 8 

TABLE R 
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Entry. 



R3 



1 


-CH2CH(CH3)2 


-C(CH 3 )2 


2 


-CH2CH2CH{CH3)2 




3 


-CH2CH2CH(CH3) 2 


-o 


4 


-CH2CH2CH(CH3) 2 


-a 


5 


' " ' ' -CH2CH2CH{CH3) 2 


-o 



L 1 £ 



v ? W r ? F r 
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10 



11 



12 



13 
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Entry R x 
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R=H 


R'=H 


X=H 
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R=Me 


R'=Me 


X=H 
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R=H . 


R ' =Me 


X=H 
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R=Me 


R 1 =Me 


X=F 
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R=H 


R* =Me 


& X-F 
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R • =Me 


X=H 


7 


* R=H 


R'=BZ 
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Eat f y Acyl . Group (R) 



1 


benzyloxycarbonyl 


2 


■t ert -bu t oxycarbony 1 


3 


acetyl 


4 


2 -quinoylcarbonyl 


5 


phenoxyacetyl 


6 


benzoyl 


7 


methyloxalqyl 


8 


pivaloyl 


9 


trifluoracetyl .• 


10 


bromoacetyl 


11 


hy dr oxy ac e ty 1 


12 


morpholinylacetyl 


13 


N, N-dimethylaminoacetyl 


14 


Nrbenzylaminoacetyl 


15 


N-pherr^laminoacetyl 


16 


N-benzy 1 -N-me thy laminoace ty 1 


I 7 


/ N-methyl-N- (2«hydro>yethyl)'aminoacetyl 


18 


N-methylcarbamoyl 


19 


3-raethylbutyryl 


20 


N-isobutylcarbamoyl 


21 


succinoyl (3-carboxypropionyl) 


22 


carbamoyl 


23 


N- ( 2 - indany 1 ) aminoac e ty 1 



I- 
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Entry R* ' R 4 
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-CH3 


-n-Butyl 


2 


-i-Butyl 


-CH3 


3 


-i-Butyl 


-n- Butyl 
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-i-Propyl 


-n-Butyl 


5 


-C6H5 


-n-Butyl 


6 


-CH2-0 


-n-Butyl 


7 


-CH2-0 


-n-Butyl 


8 


-o 


-n-Butyl 
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-i-Butyl 


-n-^ Propyl 


10 


-i-Butyl 


-CH2CH(CH3)2 


11 


-(R)-CH(CH3)— Q 


-n-Butyl 
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-CH2-Q 


-i- Propyl 


13 


-CH2-0 


-CH2CH 2 CH(CH3)2 


14 
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-CH2CH3 


15 


i-Butyl 


-CH(CH3)2 


16 
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Entry r3 r4 

17 -CH2-Q -(CH2)2CH(CH 3 ) 2 

18 (CH 2 )2CH(CH 3 )2 -CH(CH 3 ) 2 

19 i-Butyl -CH(CH3) 2 

20 i-Butyl . -C(CH 3 ) 3 

21 - CH 2~T§jQ) -C(CH 3 ) 3 

22 -(CH2)2CH(CH 3 )2 -C{CH 3 ) 3 , 

23 -CH2C6H5 -C{CH 3 ) 3 

24 -<CH 2 )2C6H 5 . -C(CH 3 ) 3 

25 n-Butyl -C(CH 3 ) 3 . 

26 n-Pentyl -C{CH 3 ) 3 

27 n-Hexyl -C(CH 3 ;) 3 ' 

28 -CH 2 -^ -C(CH 3 ) 3 . 

29 -CH 2 C(CH 3 ) 3 . -C(CH 3 ) 3 
30. -CH 2 CH2-N^~\> -C(CH 3 ) 3 

31 -CH2C6HsOCH 3 (para) -C(CH 3 ) 3 

32 -CH2— -C(CH 3 )3 

33 -CH 2 ~^\j -C(CH 3 ) 3 

34 -<CH 2 ) 2 C(CH 3 ) 3 -C(CH 3 ) 3 

35 -(CH2)40H -C(CH 3 ) 3 

36 -CH 2 -^-F -C(CH 3 ) 3 
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Entry R3 R 4 



37 -CH 2 -^^N -C(CH 3 )3 . 

38 -CH2CH(CH3)2 ' -C6H5 

39 i-airyl -CH2C (CH3 } 3 • - 

4 Q "~KZ^ -CH2C(CH3)3 _ 

' . ' CH 3 — ( ) . ' 

41 \_y -CH2C (CH3 ) 3 

42 i-butyl -CH2C(CH3) 3 

43 -CH2Ph ;, -Ph 

44 -CH2-^^-F -Ph 

45 -CH2— O _ph 

46 -CH2-^^-OCH3 -Ph 

47 -CH2— "Ph v 

48 -CH2— <^ "Ph 

49 -CH2CH=CH2 ■ "Ph 1 

50 -@ "Ph 

51 -O "Ph 

52 -CH2CH2Ph -Ph : ■ 

53 -CH2CH2CH2CH2OH -Ph 

54 -CH2CH2N(CH3)2 -Ph 

55 -CH2CH2-N^\d "Ph 

56 -CH3 ' "Ph 
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Entry r3 r 4 



57 



-CH2CH2CH2SCH3 -Ph 

58 -CH2CH2CH2S (p) 2CH3 -Ph 

59 -CH2CH2CH(CH3) 2 ~(^) 

60 -CH2CH2CH(CH3)2 . -CH2.-/gk- 

61 -CH2CH2CH(CH3)2 -CH 2 CH 2 CH 3 

62 -CH2CH2CH(CH3)2 -CH 3 



63 



-CH2CH 2 CH(CH3) 2 ' -^^-1 



64 -CH2CH2CH(CH3)2 
65 



CH 2 CH2CH(CH3)2 -^^-N0 2 

"6 



66 -CH2CH2CH (CH3 ) 2 - S 



67 -CH2CH2CH(CH3)2 -^|^-OCH3 

.NO, 

68 -CH2CH2CH(CH3)2 



69 "CH20I2GH (CH3 )2 




70 -CH2CH2CH (CH3 ) 2 

71 -CH 2 CH2CH(CH3)2 

72 -CH 2 CH2CH(CH3) 2 -^^-Cl 



NHAc 
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Entry R3 Rf 

73 -CH2CH2CH(CH3)2 -^^^" CH 3 

v ^ C0 2 CH 3 . 

74 -CH2CH2CH (CH3 ) 2 — CQ^ 

75 -CH2CH(CH3)2 / ^) 

76 -CH2CH(CH3)2 ^^~ F 

77 -CH2CH(CH3)2 . -^^-NHAc 

78 -GH2CH (CH3 ) 2 " ^^-CH3 

79 -CH2CH2CH3 -^^^-OCH3 

80 -CH2GH2GH2CH3 -^^-OCH3 



b 2 -quinoliny lcarbonyl 
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J 3 
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; k 1 ; • ■ 


R3 
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C(CH3)3 


CH2CH2CH(CH3)2 


2 


GH 2 C S GH 


CH2CH 2 CH(CH3)2 
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C(CH3)2(SCH3) 


CH2CH 2 CH{CH3)2 
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C(CH3)2(S[0]CH3) 


CH2CH2GH(CH3)2 
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C(CH 3 )2(S[0] 2 CH3) 


CH2CH2CH(CH3)2 


6 


C(CH3)3 


CH2CH{CH3)2 


7 


C(CH3)3 
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CH(CH3)2 


CH2CH(CH3)2 
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CH(CH 2 CH 3 ) (CH 3 ) 


CH 2 CH(CH 3 )2 
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The compounds of the present invention are 
effective HIV protease inhibitors. Utilizing an enzyme 
assay as described Below, the compounds set forth in. the 
examples herein disclosed inhibited the HIV enzyme The 
preferred compounds of the present invention and their 
calculated IC50 (inhibiting concentration 50%. i.e., the 
concentration at which the inhibitor compound reduces 
enzyme activity by 50%) values are shown in Table 16 
The enzyme method is described below. The substrate is 
2-lle-Nle-Phe(p-N0 2 )-Gln-Ar gN H 2 . The positive control is 
MVT-101 (Miller. M. et al. Science, 2&. 1149 (1989)] 
The assay .conditions are as follows': 

Assay buffer: 20 mM sodium phosphate, -pH 6 . 4 - 
20% glycerol 
1 mM EDTA 
1 mM DTT 
0.1% CHAPS ... . 

The above described substrate is dissolved in 
DMSO, then diluted 10 fold in, assay buffer. Final 
substrate concentration in the assay is 80 HM. - 

HIV protease is diluted in the assay buffer to 
a final enzyme concentration of 12.3 nanomolar, based on 
a molecular weight of 10,78Q. 

The final concentration of DMSO is 14% and the 
final concentration of glycerol is 18%. The test 
compound is dissolved in DMSO- and diluted in DMSO to lOx 
the test concentration; lOjil of the enzyme preparation is 
added, the materials mixed and then the mixture is 
incubated at ambient temperature for 15 minutes. The 
enzyme reaction is initiated by the addition of 40ul of 
substrate. The increase in fluorescence is monitored at 
4 time points (0, 8, 16 and 24 minutes) at ambient 
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/SB 

temperature. Each assay is carried out in duplicate 
wells. 

The preceding examples can be repeated with 
5 similar success by substituting the generically or 
specifically described reactants arid/or operating 
conditions- of this invention, for those used in the ; n ; 

preceding examples. 
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Entry 



Compound 



IC50 (nanomolar) 




20 
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ic (uM) or % inhib 
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0.010 


20 


6 

IM 


la 


3 
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0.016 
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0.0096 
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41% @ 0.1 uM, 86% @ 1 



26 12 10 0.0033 



16 14 3 



0.0049 



10 1£ ... 14 . ID 0.0032 
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. The effectiveness of the compounds listed in 
Table 15 were, determined, in- the above-described enzyme 
assay and in a CEM cell; assay. 



The HIV inhibition assay method of acutely 
infected cells is an automated tetrazolium based 
colorimetric assay essentially that reported by Pauwles 
et al » J ' Virol MPftlod^, 2Q, 309-321 (1988) . Assays 
were performed in 96-well tissue culture plates. CEM 
cells, a CD4+ cell line, were grown in RPMI-1640 medium 
(Gibco) supplemented with a 10% fetal calf serum and were 
then treated with polybrene. (2jig/ml) . An 80 fil volume of 
medium containing 1 x 104 cells was dispensed into each 
well of the tissue culture, plate . To each, well was added 
a 100m volume of. test compound, dissolved in tissue 
culture medium (or medium without test compound as a 
control) to achieve the desired final concentration and 
the cells were incubated at 37°C for 1 hour, a frozen 
- culture of HIV- 1 was diluted: in culture medium to a 
35 concentration of 5 x 104 TCID 50 per ml (TGID50 = the dose 
of virus that infects -50% of cells in tissue culture) , 
and a 20jiL volume of the virus sample (containing 1000 
TCID50 of virus) was added to. wells containing test 
compound and to wells containing . only medium (infected 
40. , control cells). Several wells received culture medium 
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without virus (uninfected control cells). Likewise/ the 
intrinsic toxicity of the test compound was determined by 
. adding medium without , virus to several wells containing 
test compound. In summary, the tissue culture plates 
5 contained the following experiments: 



Cells Drug Virus 



to i. ~ + _ 

2 . . . + . 

3. + - + 

4 . + + ■ + 

15 In experiments 2 and 4 the final concentrations 

of test compounds were 1, 10, 100 and 500 jig/ml Either 
azidothymidine (AZT) or -dideoxyihbsine -:lddl) was included 
as a- positive drug control. Test compounds were 
. dissolved in DMSO and diluted into tissue culture medium 

20 so that the final DMSO concentration did not exceed 1.5% 
in any case. DMSO was added to all; control wells at an 
appropriate concentration. ' ■ ■ 

Following the addition of virus, cells were 
25 incubated at 37°C in a humidified, 5% C02 atmosphere for 
7 days. Test compounds could be added on days 0, 2 and 5 
if desired. On day 7 r post-infection, the cells in" each 
well were resuspended and a lOOjil sample of each cell 
suspension was removed for assay. A 20HL volume of a 5 
30 mg/ml solution of 3- (4 ., 5-dimethylthiazol^2-yl) -2, 5- 

diphenyltetrazolium bromide {MTT) was added to each 100|IL 
cell suspension, and the cells were incubated for 4 hours 
at 27°C in a 5% C02 . environment .. During this incubation;--. 
MTT is metabolically reduced by living cells resulting in 
35 the production in the cell of a colored formazan product. 
To each sample . was added lOOjil of 10% sodium 
dodecylsulfate in 0.01-N HCl to lyse the cells, and \ 
samples were incubated overnight. The absorbance at 590 
nm was determined for each sample using a Molecular 
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Devices microplate reader.. Absorbance values for each 
set of wells is compared to assess viral control 
infection, uninfected control cell response as well as* 
test compound by cytotoxicity and antiviral efficacy." 
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Entry 



35 



Compound 




IC50 EC50 TD50 
(nm) (nm) - (nm) 



OCH 



P3 



18 



15 



20 



25 



30 



The compounds of the present:, invention are 
effective antiviral compounds and, in particular, are 
effective retroviral inhibitors, as . shown above. ; . .Thus , 
the subject compounds are. effective HIV, protease 
inhibitors, it is contemplated that the subject 
compounds will also inhibit other : retroviruses such as 
other lentiviruses in particular other, strains of HIV, 
e.g. mv-2, human T-cell leukemia virus, respiratory ' 
syncitial virus/ simia immunodeficiency virus ,. feline 
leukemia virus, feline immuno-def iciency virus; 
hepadnavirus, cytomegalovirus and. picornavirusV . Thus, 
the subject compounds are effective.. in. the treatment ' • 
and/or proplylaxis of retroviral, infections . 

Compounds of the present invention can possess 
one or more asymmetric, carbon, atoms, and, are thus capable 
of existing in the form of optical isomers as. well as in 
the form of racemic or nonracemic mixtures thereof . The 
optical isomers can be obtained by resolution of the 
racemic mixtures according to conventional processes, . for 
example by formation of diastereoisomeric salts by. . 
treatment, with an optically active acid or base. 
Examples of appropriate acids are tartaric, 
diacetyltartaric, dibenzoyltartaric, Wtoluoyltartaric 
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and camphor sulfonic acid and then separation of the 
mixture of diastereoisomers by crystallization followed 
by liberation of the optically active bases from these 
salts. A different process for separation of optical 
5 isomers involves the use of a chiral chromatography 

column optimally chosen to maximize the separation of the 
enantiomers . Still another available method involves 
synthesis of covalent diastereoisomeric molecules by 
reacYing "compounds of 

10 acid in an activated form or an optically pure 

isocyanate. The synthesized diastereoisomers can be 
separated by conventional means such as chromatography, 
distillation, crystallization or sublimation, and then 
hydrolyzed to deliver the enantiomerically pure compound. 

15 The optically active compounds of Formula I can likewise 
be obtained by utilizing optically active starting 
materials. These isomers may be in the form of a free 
acid, a free base, an ester or a salt. 

20 The compounds of the present invention can be 

used in the ' form of salts derived from inorganic or 
organic acids. These salts include but are not limited 
to the following: acetate, adipate, alginate, citrate, 
aspartate, benzoate, benzenesulf onate, bisulfate, 

25 butyrate, camphorate, camphorsulf onate, digluconate, 

cyclopentanepropionate, dodecylsulf ate, ethanesulf onate, 
glucoheptanoate, glycerophosphate , hemisulfate, 
heptanoate, hexanoate, fumarate, hydrochloride, 
hydrobromide v hydroibdide , 2 -hydroxy-ethanesulf onate , 

30 lactate, maleate, methanesulf onate, nicotinate, 

2-naphthalenesulf onate, oxalate, palmoate/ pectinate, 
persulfate, 3-phenylprbpionate, picrate, pivalate, 
propionate , succinate, tartrate, thiocyanate, tosylate, 
mesylate and undecanoate. Also, the basic hitrogen- 

35 containing groups can be quaterriized with such agents as 
lower alkyl halides, such' as methyl , ethyl , propyl , and 
butyl chloride, bromides, and iodides ; dialkyl sulfates 
like dimethyl , diethyl, dibutyl, and diamyl sulfates , 
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long chain halides such as decyl, lauryl, myristyl and ' 
stearyl chlorides, bromides and iodides, aralkyl halides [ 
like benzyl and phenethyi bromides .and others . Water or ! 
^ oll - s °luble or dispersible products are thereby obtained. 

- Examples of acids which may be employed to form 

pharmaceutical^ acceptable acid addition salts include " ' 
such inorganic acids as hydrochloric acid; sulphuric acid 
and phosphoric acid and such organic acids as oxalic 
10 acid, maleic acid, succinic acid and citric acid, other • 
examples include salts with alkali metals or alkaline 
- earth metals, such as sodium, potassium, calcium or - 
magnesium or with organic bases. 

15 - Total daily dose administered to a host in 

single or divided doses may be in amounts, for example 
from. 0.001 to 10 mg/kg body weight daily and more usually 
0.01 to 1 mg. Dosage unit compositions may contain such ' 
amounts of submultiples thereof to make up the. daily 

20 dose. . ■ . -v.? ," 

The amount of active ingredient that may be 
combined with the carrier materials - to 'produce a single 
dosage form will vary depending upon the host treated and ' 
.25 the particular mode" of administration. ' . n ' ' 



30 



35 



The dosage regimen for treating a disease ' 
condition with the 'compounds and/or compositions of this 
invention, is selected in -accordance with a variety of " 
■factors, including the type, age/weight, sex, diet and 
medical condition of the patient, the severity of the 
disease, the route of administration, pharmacological 
considerations such as the activity, efficacy, 
Pharmacokinetic and toxicology profiles of the particular 
compound employed, whether a drug delivery system is 
utilized and whether the compound is administered as part 
of a drug combination. Thus, the dosage regimen actually 
employed may vary, widely and therefore may deviate from 
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the preferred dosage regimen set forth above. 



The compounds of the present invention may be . 
administered orally, parenterally, by inhalation spray f 
5 rectally, or topically in dosage unit formulations 
containing conventional nontoxic pharmaceutically , 
acceptable carriers, adjuvants, and vehicles as desired. 
Topical administration may also involve the use of 
transdermal , administration such as transciermai f patches, or 
10 iontophoresis devices. The term parenteral as used . 
herein includes subcutaneous injections, intravenous/ 
intramuscular, intrasternal injection, or infusion 
techniques, ■ 

15 Injectable preparatipns, for example, sterile 

injectable aqueous or oleaginous suspensions may be 
formulated according to the; known art using suitable : ; 
dispersing or wetting agents and suspending agents ... The ; 
sterile injectable preparation may also be a sterile 

20 injectable solution or suspension in a nontoxic 

parenterally acceptable diluent or solvent, for example, 
as a solution in 1 , 3 -butanediol . Among the acceptable 
vehicles and solvents that may be employed are water, 
Ringer's solution, and isotonic sodium chloride solution. 

25 In addition, sterile, fixed oils are conventionally 
employed as a solvent or suspending medium. For this 
purpose any bland fixed oil may be employed including 
synthetic mono- or digiycerides . In addition, fatty 
acids such as oleic acid find use in the preparation of 

30 injectables. 

Suppositories for rectal administration of the 
drug can be prepared by mixing the drug with a suitable 
nonirritating excipient such as cocoa butter and . 
35 polyethylene glycols which are solid at ordinary o 
temperatures but liquid at the rectal temperature and 
will therefore melt in the rectum and release the drug. 
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Solid dosage forms for oral administration may 
include capsules, tablets, pills, powders, and granules. 
In such solid dosage forms, the active compound may be 
admixed with at least one inert diluent such as sucrose 
5 lactose or starch. Siich dosage forms may also comprise, * 
as in normal practice, additional substances other than 
inert diluents, e.g., lubricating agents such as 
magnesium stearafc e . In the case of capsules, tablets, 
and pills, the dosage forms may also comprise buffering 
10 agents. Tablets and pills can additionally be prepared 
with enteric coatings. 

Liquid dosage forms for oral administration may 
include pharmaceutical^ acceptable emulsions, solutions, 
15 suspensions, syrups, and elixirs containing inert 

diluents commonly used in the art, such as water. Such 
compositions may also comprise adjuvants, such as wetting 
agents, emulsifying and suspending agents, and 
sweetening, flavoring, and perfuming agents. 

20 

While the compounds of the invention can be 
administered as the sole active pharmaceutical agent, 
they can also be used in combination with one or more 
immunomodulators, antiviral agents or other antiinf ective 
25 agents. For example, the compounds of the invention can 
be administered in combination with A2T, DDI, DDC or with 
gliicosidase inhibitors, such as N-butyl-1- 
deoxynojirimycin or prodrugs thereof, for the prophylaxis 
and/or treatment of AIDS. When administered as a 
combination, the therapeutic agents can be formulated as 
separate compositions which are given at the same time or 
different times, or the therapeutic agents can be given 
as a single composition. 

35 The foregoing is merely illustrative of the 

invention and is not intended to limit the invention to 
the disclosed compounds. Variations and changes which 
are obvious to one skilled in the art are intended to be 
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within the scope and nature of the invention which are 
defined in the appended claims 

From the foregoing description, one skilled in ; 
5 the art can easily ascertain the essential 

characteristics of this invention, and without departing 
from the spirit and scope thereof, can make various 
changes and modifications of the invention to adapt it to 



various usages and conditions. 
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WHAT IS CLATMBn T ,c. 

1. A compound represented by the formula: 

: - y . r2 .. ■■ ;. 

5 R ' R- R 6 OH R3 

or a pharmaceutical^ acceptable salt, prodrug or ester 
thereof wherein : - 



10 



15 



20 



30 



R represents hydrogen, alkoxycarbonyl. aralkoxycarbonyl , 
alkylcarbonyl. cycloalkylcarbonyl, 

cycloalkylalkoxycarbonyl , cycloalkylalkanoy 1 , alkanoyl, 
aralkanoyl, aroyl. aryloxycarbonyl , aryloxycarbony lalkyi , 
aryloxyalkanoyl, heterocycly lcarbony 1 , ' : 
heterocycly loxycarbonyl , heterocyclylalkanoyl , 
heterocycly lalkoxycarbonyl , heteroaralkanoyl . 
heteroaralkoxycarbonyl. heteroaryloxy-carbonyl , 
heteroaroyl. alkyl. alkenyl, alkynyl. cycloalkyl, aryl, 
aralkyl . aryloxyalkyi , het eroarylbxyalkyl , hydroxyalky 1 , 
aminocarbonyl, aminoalkanoyl, and mono- and disubstituted 
aminocarbonyl and mono- and disubstituted aminoalkanoyl \ 
radicals wherein the substituents are selected from 
alkyl, aryl, aralkyl, cycloalkyl, cyclbalkylalkyl , 
heteroaryl, heteroaralkyl, heterocycloalkyl, 
25 heterocycloalkyalkyl radicals, or wherein said 
aminocarbonyl and aminoalkanoyl radicals are : 
disubstituted, said substituents along with the nitrogen 
atom to which they are attached form a heterocycloalkyl' 
or heteroaryl radical; 



R' represents hydrogen; and radicals as defined for r3 or 
R"S0 2 - wherein R" represents radicals as defined for r3 ; 
or R and R' together with the nitrogen- to which they are 
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/CO 

attached represent heterocycloalkyl and heteroaryl 
radical; ; 

Rl represents hydrogen, -CH2SO2NH2/ -CH2CO2CH3, -CO2CH3, 
5 -CONH2, -CH 2 C (0) NHCH3 , -C (CH3 ) 2 (SH) , -C {CH3 ) 2 (SCH3 ) ,;; 

-C(CH3)2(S[0]CH 3 ) , -C (CH3 ) 2 (S [0] 2CH3 ) , alkyl , haloalkyl, 
alkenylv~aikyny Or and cycloalkyl radicalsT and" amiho^*acid~ 
side chains selected from asparagine, S-methyl cysteine 
and the sulfoxide (SO) and sulfone (S02) derivatives 

10 thereof, isoleucine, allo-isoleucine, alanine, leucine, 
tert-leucine, phenylalanine, ornithine, histidine, 
norleucine, glut amine, threonine, glycine;- alio - 
threonine, serine, O-alkyl serine, aspartic acid, beta- "> 
cyano alanine and valine side chains; 

15 , V - , \ ■ • . . ' - 

Rl' and Rl" independently represent hydrogen and radicals 
as defined for Rl/ or one of Rl' and Rl", together with 
Rl. and the carbon atoms to which Rl, Rl • and Rl" are 
attached, represent a cycloalkyl radical; 

20 

R2 represents alky 1, aryl, cycloalkyl, cycloalkylalkyl 
and aralkyl radicals, which radicals are optionally 
substituted with a group selected from alkyl and halogen 
radicals, -N0 2 , -OsN, CF 3 , -Or9, -Sr9, wherein R9. 

25 represents hydrogen and alkyl radicals; 

R3 represents hydrogen, alkyl, haloalkyl, alkenyl , 
alkynyl, hydroxyalky 1 , alkoxyalkyl, cycloalkyl, 
cycloalkylalkyl, heterocycloalkyl, heteroaryl, 

30 heterocycloalkylalkyl, aryl, aralkyl, heteroaralkyl, 
aminoalkyl and mono- and di substituted aminoalkyl 
radicals, wherein said substituents are selected from 
alkyl, aryl, aralkyl, cycloalkyl, cycloalkylalkyl, 
heteroaryl, heteroaralkyl, heterocycloalkyl, and 1 ■ * 

35 heterocycloalkylalkyl radicals, or in the case of a 

disubstituted aminoalkyl radical, said substituents along 
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with the nitrogen atom to which they are attached, form 
heterocycloalkyl or a heteroaryl radical; 

R 4 represents radicals as defined by r3 except for 
5 hydrogen,. " 

R6 represents hydrogen and alkyl radicals; 



10 



15 



x represents 0, 1, or 2; . ' \. ? 
t represents either 0 or 1; and 

Y represents o, " s and nr15 wherein r!5 represents 
hydrogen and radicals -as defined f or r3 . 

2. Compound represented by the formula: 
Q R2 




20 wherein: 



R represents hydrogen, . alkoxycarbonyl, aralkoxycarbonyl, 
alkylcarbonyl, cycloalkylcarbonyl , 

cycloalkylalkoxycarbonyl, cycloalkylalkanoyl, alkanoyl 
25 aralkanoyl, aroyi, aryioxycarbonyl, axyloxycarbonylalkyl 
aryloxyalkanoyl , heterocyclylcarbonyl , 
heterocyclyloxycarbonyl , heterocyclylalkanoyl, 
heterocyclylalkoxycarbonyl, heteroaralkahoyl, 
heteroaralkoxycarbonyl, heteroaryloxycarbonyl, 
30 . heteroaroyl, alkyl, alkenyl, cycloalkyl, aryl,' aralkyl, 
aryloxyalkyl, heteroaryloxyalkyl, hydroxyalkyl . 
.aminocarbonyl, aminoalkanoyl, and mono- and disubstituted 
aminocarbonyl and mono- and" disubstituted aminoalkanoyl 
radicals wherein the substituents are selected from 
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alkyl, aryl, aralkyl, cycloalkyl, cycloalkylalkyl, 
heteroaryl, heteroaralkyl, heterocycloalkyl, 
heterocycloalkyalkyl radicals, or where said 
aminoalkanoyl radical is disubstituted, said substituents 
5 along with the nitrogen atom to which they are attached 
form a heterocycloalkyl or heteroaryl radical; 

R' represents hydrogen and radicals as defined for r3 or 
R and R 1 together with the nitrogen to which they are 
10 attached represent heterocycloalkyl and heteroaryl 
radical; 

Rl represents hydrogen, -CH2SO2NH2, -CH2CO2CH3 , -CO2CH3 , 
-C0NH2 , -CH 2 C (O) NHCH3 , -C (CH 3 ) 2 (SH) , -C { CH3 ) 2 ( SCH3 ) , 

15 -C(CH3)2(S[0]CH3), -C (CH3 ) 2 (S [O] 2CH3 ) , alkyl, haloalkyl, 
alkenyl, alkyriyl and cycloalkyl radicals/ and amino acid 
side chains selected from asparagine, S-methyl cysteine 
and the sulfoxide (SO) and sulfone (SO2) derivatives 
thereof, isoleucine, allo-isoleucine , alanine, leucine, 

20 tert-leucine, phenylalanine, ornithine, histidine, 
norleucine, glutamine, threonine, glycine, allo- 
threonine, serine, O-methyl serine, aspartic acid, beta- 
cyano alanine and valine side chains; 

25 R2 represents alkyl, aryl, cycloalkyl, cycloalkylalkyl 
and aralkyl radicals, which radicals are optionally 
substituted with a group selected from alkyl and halogen 
radials, -NO2, -CsN, CF 3 , -OR9* -Sr9, wherein R9 

represents hydrogen and alkyl radicals, and halogen 
30 radicals; 

r3 represents alkyl, haloalkyl, alkenyl, alkynyl, 
hydroxyalkyl, alkoxyalkyl, cycloalkyl, cycloalkylalkyl, 
heterocycloalkyl, heteroaryl, heterocycloalkylalkyl , 
35 aryl, aralkyl, heteroaralky 1 , aminoalkyl and mono- and 
disubstituted aminoalkyl radicals, wherein said 
substituents are selected from alkyl, aryl, aralkyl, 
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cycloalkyl, cycloalkylalkyl, heteroaryl, heteroaralkyl, 
heterocycloalkyl, and heterocycloalkylalkyl radicals, or 
in the case of a disubstituted aminoalkyl radical, said 
substituents along with the nitrogen atom to which they 
5 are attached, f 6rm a heterocycloalkyl or a heteroaryl 
radical ; 

R 4 represents radicals as defined by r3. 

10 3. Compound of Claim 2 wherein R represents 

aralko^carbpnyl and heterparoyl radicals. 

4. Compound of Claim 2 wherein R represents 
carbobenzoxy, 2-benzofurancarbohyl and 2- 

15 quinolinylcarbonyl radicals . 

5. Compound of Claim 2 wherein R represents 
carbobenzoxy. 

20 6 ' Compound of Claim 2 wherein R represents 

2 -quinolinylcarbonyl and 2-benzofurancarbonyl radicals . 

7. Compound of Claim 2 wherein Rl represents 
alkyl, alkynyl and alkenyl radicals, and amino acid side 
25 chains selected from the group consisting of asparagine, 
valine, threonine, alio -threonine, isoleucine, s-methyl' 
cysteine-ahd the sulfone and sulfoxide 'derivatives 
thereof, alanine, and allo-isoleucine. 

30 8. Compound of Claim 2 wherein R l represents 

methyl, propargyl, t-butyl, isoprbpyl and sec-b^tyl 
radicals, and amino acid side chains selected from the 
group consisting of asparagine, " valine. "S-methyl 
cysteine, allo-iso-ieucine. iso-leucine, threonine, 
serine, aspartic acid, beta-cyano alanine, and alio- 
threqnihe side chains/! 
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•.. 9 • Compound of Claim 2 wherein Rl represents 
propafgyl and t-butyl radicals. 

10. Compound of Claim 2 wherein Rl represents 
5 a t-butyl radical. " 

11 v Compound of Claim 2 whierein Rl represents . 



10 



amino acid side chains selected from asparagine , valine, 
alanine and isoleucine side chains. 

12. Compound of Claim 2 wherein Rl represents 
amino acid side chains selected from asparagine/ 
iso-leucine and valine side chains. 

15 13. Compound of Claim 2 wherein Rl represents 

an asparagine side chain. 

14. Compound of Claim 2 wherein Rl represents 
a t-butyl radical and an asparagine siide chain. 

20 - ■' *' '"• . ..... 

15. Compound of Claim 2 wherein Rl represents 
a propargyl radical. 

16. Compound of Claim 2 wherein r! represents 
25 an isoleucine side chain. • * : 

17. Compound of Claim 2 wherein Rl represents ; 
a valine side chain. 

18. Compound of Claim 2 wherein r2 represents 
30 alkyl, cycloalkylal^i and aralky 1 radicals, which 

radicals are optionally substituted with halogen radicals 
and radicals represented by the formula -0R9 and -SR? 
wherein r9 represents hydrogen and alkyl radicals . 

35 19. Compound of Claim 2 wherein R2 represents : 

alkyl, cycloalkylalkyl and aralkyl radicals. 
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-nw *JLx of claim 2 wherein -* 2 

5 CH3SGH 2 CH 2 - 1 i, 0 C T P °T d °* ^ 2 Wh6rein * 2 , ^presents 
2 IT bUty1 ' n " bUty1 ' benzyl 4 _ fluorob 

2-naph t hyl m ethyl and cyclohexylmethyl radicals: ' 

an , C ° mPOUnd ° f Claim 2 wherein R2 represents 

an n-butyl and iso-butyl radicals . S 

10 

v , " 23 - :C ° mpound of Claim 2 wherein R 2 represents 
benzyl, 4.flu6robenzyl and 2-naphthylmethyl radS^ 

15 a cyclohexylmethyl radical. : . Resents 

. . „ 25 ' Compound of Claim" '2 wherein r3 and r4 
independently represent *lkyl, haloalkyl, alkenyl 
alkoxyalkyl, .ycloalkyl, c*cloalkylalkyl , ^ : 

and heteroaralkyl radicals. 



Phenyl. ^ P ' Claim 25 where ^ R* represents 



25 . 



27. compound of Claim 25 wherein R 3 and r4 
independently ^present alkyl and alkenyi radical^ 

30 „ C ° mpOUnd of Claim 25 wherein R 3 ^ r4 

30 independently represent alkyl, al^; haloalkyI , 
alkoxyalkyl and nydroxyalkyl radicals. 

' inrfo . ^ * COn ? OUnd ° f Claira 25 herein R 3 ^ r4 
independently represent alky 1, cycloalkyl and * " 
35 . cycloalkylalkyl '.radicals.- - - 



j 

it 



1: 



WO 94/04492 



PCT/US93/07814 



/C>&> 

30. Compound of Claim 25 wherein r3 and r4 
independently represent alkyl, ' heterocycloalkyl and... 
heterocycloalkylalkyl radicals. 

31. Compound of Claim 25 wherein r3 and r4 ■■ 
independently represent alky 1, aryl and aralkyl radicals. 

„ - 32 : Compound of Claim 25 wherein r4 represents 

phenyl and substituted phenyl radicals. 

33 . Compound of Claim 2 wherein r3 represents 
alkyl radicals having from about 2 to about 5 carbon 
atoms . 



15 34 • Compound of Claim 2 wherein r3 represents 

n-pentyl, n-hexy 1 , n-propyl, i -butyl, cyclohexyl, neo- 
pentyl, i-amyl, and n-butyl radicals. 



1Q 



20 



35. Compound of Claim 2 wherein r3 and r4 ; 
independently represent alkyl radicals having from about 
2 to about 5 carbon atoms, cycloalkylalkyl radicals, 
aralkyl radicals, heterocycloalkylalkyl radicals or 
heteroaralkyl radicals. 

25 '36. Compound of Claim 2 wherein r3 represents 

isobutyl, n-propyl, n-butyl, isoamyl, cyclohexyl, 
cyclohexylmethyl radicals and r4 represents phenyl and 
substituted phenyl radicals. 

30 37 . Compound of Claim 2 wherein r3 is 

cyclohexylmethyl and r4 is phenyl and substituted phenyl 
radicals. 

38. Compound of Claim 2 wherein R3 is i-anyl 
35 or i -butyl and R4 is phenyl or substituted phenyl v : •.>(.(.. 
selected from para-chlorophenyl, para-f luorophenyl, para- 
nitrophenyl, para-aminophenyl, and para-methoxyphenyl . 
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39. Compound of Claim 2 wherein R3 i s i-butyl 
and R4 i s phenyl. 



5 
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• 40. compound of Claim 2 wherein r3 i s n-butyl 
and r4 is phenyl. 



41. Compound of ciaim 2 wherein R3 is 
. cyclohexyl and r4 is phenyl or substituted phenyl 
10 selected from para-chlorophenyl, para-fluorophenyl, para- 
nitrophenyl, para-aminophenyl, and para-methoxyphenyl. 



42. Compound of Claim 2 wherein r4 represents 
alkyl and cycloalkyl radicals. 

43. Compound of Claim 2 wherein R4 represents 
aryl radicals. 



44. Compound of Claim 2 wherein r4 represents 
20 heteroaryl radicals: *' \ 

45. Compound of Claim 2 "wherein r3 represents 
heteroaralkyl radicals and >4 is phenyl or substituted 
phenyl selected from para-chlorophenyl, para- 

25 fluorophenyl, para-nitropheny 1 , para-aminophenyl. and 
para-methoxyphenyl. 

46. Compound of Claim 2 wherein R3 i s a 

p-fluorobenzyl radical^ and R4 is a phenyl radical or " 
30 substituted phenyl selected from para-chlorophenyl, para- 
fluorophenyl, para-nitrophenyl, para-aminophenyl, and 
para-methoxyphenyl. - 



47. Compound of Claim 2 wherein R3 is a 
4 -pyridylmethyl radical or its N-oxide arid r4 is a phenyl 
radical or substituted phenyl selected' from para- 
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chlorophenyl, para-fluorophenyl, para-nitrophenyl, para- 
aminophenyl, arid para -me thoxyphenyl.- 



5 



48. Compound of Claim 2 wherein R 4 represents 
an alkyl radical having from 1 to about 6 carbon atoms. 

49 . Compound of Claim 2 wherein r4 represents 
a 5 or 6-membered heterocyclyl radical, optionally 

substituted with an alkyl radical having from 1 to about 
10 3 carbon atoms. 

50 • Compound of Claim 1 wherein Rl' and r1* 
are both hydrogen and Rl represents an alkyl radical 
having from 1 to about 4 carbon atoms. 
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51. Compound of Claim 1 wherein Rl' and Rl" 
are both hydrogen and Rl represents -CH 2 S0 2 NH 2 , C0 2 NH 2 , 
CO2CH3, alkyl and cycloalkyl radicals and amino acid side 
chains selected from asparagine, S-methyl cysteine and 
the sulf brie and sulfoxide derivatives thereof, histidine,. 
norleucine, glutamine, glycine, allo-isoleucine, alanine,' 
threonine, isoleucine, leucine, tert-leucine, 
phenylalanine, orni thine, alio- threonine, serine, 
aspartic acid, beta-cyano alanine, and valine side chains. 

52. Compound of Claim 2 where Rl represents 
the amino acid side chain of asparagine. 

53; Compound of Claim 52 where R represents a 
30 heteroaroyl radical. 

54. Compound of Claim 52 where R represents a 
2-quinolinylcarbonyl or 2 -benzofurancarbonyl radical. 

35 55 • Compound of Claim 2 where Rl represents a 

t-butyl or a propargyl radical or an amino acid side 
chain of valine or isoleucine. 



jr *, r 
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56. Compound of Claim 55 where R represents an F 
arylalkanoyl, arylokycarbony 1 :. alkanoyl, aminocarbonyl ' 
mono-substituted aminoalkanoyl, or disubstituted 
5 aminoalkanoyl, or mono-or dialkylaminocarbonyl radical. 

57 . Compound of claim 55 where R represents an • 
arylalkanoyl, aryloxycarbonyl or alkanoyl radical. T 

10 58., Compound of Claim 55 where r represents an 

aminocarbonyl radical, a mbnosubstituted aminoalkanoyl 
radical or disubstituted aminoalkanoyl radical '. 

59. Compound of Claim 55 where R represents [ 
15 acetyl, N, N- dime thy laminoacetyl , N-methylaminbacetyl or ' 

N-benzyl-N-methylaminoacetyl . - 

60. Compound of Claim 1 where Rl is a "methyl 
radical . . ' -. • 

20 

61. Compound of Claim 60 where R represents an 
alkanoyl, arylalkanoyl, aryloxyalkanoyl or 
aryialkyioxylcarbonyl' radical . 

25 62. Compound of Claim 60 where R represents a 

phenoxyacetyl, 2-naphthyloxyacetyl, benzyloxycarbonyl or I 
P-metho*ybenzyloxycarbonyl radical. 

63 . .- compound of Claim 60 wherein R represents 
30 an N,N-dialkylaminocarbonyl radical. 

_ , 6.4. : Compound of Claim 60 wherein R represents 
=.. an aminocarbonyl or an alkylaminocarbonyl radical. 

35 ? 5 - Compound of Claim 60 where R represents an . 

N-methylaminocarbonyl radical. 
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66. A pharmaceutical composition comprising a 
compound of Claim 1 and a pharmaceutically acceptable 
carrier. ■ . ■ . 



5 



: . 67 r A .P h ™* B VticaJ composition, comprising a 

compound of Claim 2 and a pharmaceutically acceptable 
carrier/ 



. . 68 • M6thod of inhibiting a retroviral protease 
10 comprising administering a protease inhibiting amount of 
a composition of Claim 66. 

69. Method of Claim 68 wherein the retroviral 
protease is HIV protease. 

15 ; : : •• / 

70. Method of treating a retroviral infection 
comprising administering an effective amount of a 
composition of Claim 66. 



20 



71. Method of Claim 70 wherein the retroviral 
infection is- an HIV infection. 

72. Method for treating AIDS comDrising 
administering an effective amount of a composition of 

25 Claim 66. 

73. Method of inhibiting a retroviral protease 
comprising administering a protease inhibiting . amount of 
a composition of Claim 67. 

30 •' • •• ; " '■ 

74. Method of Claim 73 wherein the retroviral 
protease is HIV protease. 

. 75 ' Method ? f treating a retroviral infection 
35 comprising administering an effective amount of a 
composition of Claim 67. 
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infe.f ^ * M6th0d ° f 75 Wh6rein the retroviral 

infection iS an HIV infection. 
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77. Method for treating AIDS comprising 
Tall 67 6ring " 6f f6CtiVe am ° Unt ° f 3 COm ^^ion of 



78. compound represented by the formula: 

g r2 




wherein: 



R represents hydrogen, alkoxycarbony 1 , aralkoxycarbonyl 
alkylcarbonyl, cycloalkylcarbonyl , 

cycloalkylalkoxycarbbnyl. cyclbalkylalkanoylv alkanoyl, 
aralkanoyl, aroyl, arylbxycarbonyl , aryloxycarbonylalkyl 
aryloxyalkanoyl. heterpcyclylcarbonyl. 
heterocyclyloxycarbonyl, heterocyclylalkanoyl ' 
heterocyclylalkoxycarbonyl, heteroaralkanoyl : 
heteroaralkoxycarbonyl, heteroaryloxy-carbonyl 
heteroaroyl, alkyl , alkenyl , cycloalkyl . aryl/aralkyl 
aryloxyalkyl, heteroaryloxyalkyl. hydroxyalkyi 
aminocarbonyl, . aminoalkanoyl, and mono- and disubstituted 
amxnocarbonyl and mono- and disubstituted aminoalkanoyl 
radicals wherein the substituents-are selected from 
alkyl, aryl, aralkyl, cycloalkyl, cycloalkylalkyl 
heteroaryl, heteroaralkyi, heterocycloalkyi, 
heterocycloalkyalkyl radicals, or where said 
aminoalkanoyl radical is'' disubstituted, said substituents ' 
along with ; the, nitrogen atom to which they are attached 
form a heterocycloalkyi^ or heteroaryl radical; ' 
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R' represents hydrogen and radicals as defined for r3 or 
R and R* together with the nitrogen to which they are 
attached represent heterocycloalkyl and heteroaryl 
radical; 

. ' 5 ... ... /, j : 1. .. * ' i. "... 

Rl represents hydrogen, -CH2SO2NH2, -CH2CO2CH3, -CO2CH3, 

^^ H 2^gj2^jMCH 3x ^CJCH3 ) 2 <SH) ^^C {CH 3 ) 2 (SCH3 )- 

: -C(CH 3 )2(S tO]CH 3 ), -C <CH 3 ) 2 "(S (0] 2 CH 3 ) , alkyl, haloalkyl, 

alkenyl, alkynyl and cycloalkyl radicals/ and amino acid 
10 side chains selected from asparagine; s -methyl cysteine 

and the sulfoxide (SO) and sulfone ( SO2 ) derivatives 

thereof, isoleucine, allo-isoleucine, alanine, leucine, 

tert-leucine, phenylalanine, ornithine, histidine, [ 

norleucine, glutamine, threonine, glycine, alio- 
15 threonine, serine, aspartic acid, beta -cyano alanine and 

valine side chains; 

R2 represents alkyl, aryl, cycloalkyl, cycloalkylalkyl 
and aralkyl radicals, which radicals are optionally 
substituted with a group selected from alkyl and, halogen > 
radicals, -NO2, -ChN, CF 3 , -OR9. -SR$, wherein r9 

represents hydrogen and alkyl radicals; 

R3 represents alkyl, haloalkyl, alkenyl, alkynyl, 
25 hydroxyalkyl, alkoxyalkyl, cycloalkyl, cycloalkylalkyl, ^ 
heterocycloalkyl, heteroaryl , heterocycloalkylalkyl , 
1 aryl, aralkyl, heteroaralkyl , aminoalkyl and mono- and , 
disubstituted aminoalkyl radicals, wherein said 
substituents are selected , from alkyl, aryl , aralkyl , 
cycloalkyl, cycloalkylalkyl, heteroaryl, heteroaralkyl, 
heterocycloalkyl, and heterocycloalkylalkyl radicals , or " 
in the case of a disubstituted aminoalkyl radical, said 
substituents along with the nitrogen atom to which they 
are attached, form a heterocycloalkyl or a heteroaryl 
35 radical; and 



IT 



R4 represents radicals as defined by R3 . 
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79 . Compound of Claim 78 wherein r1 
a methyl radical. ' wnerein .ra represents 

5 . 80 " Com POund of Claim 78 wherein Rl 

hydrogen alhri \ wnerein RJ. represents 

jruxugen, aiKyi and alkenyl radicals. 

81. Compound of claim 78 wherein Rl 

1*1. radicals havi„ g £rom , to about 4 carto : 

82. Compound of claim 78 wherein pi » w 

~ t * 1 ' -™ ana s; yl r ;~ 

15 83 • Con,pound of Claim 78 wherein R' is 

jj> O 

hydrogen and R i s N H 2 C or CH 3 NH-C — group. 

84. compound of claim 78 wherein R ' is 

20 2 " * rSPreSents a -tyl, phenoxyacetyl 

20 2-naphtnylo*y- C arbonyl, benzyloxycarbonyl. 
p-methoxybenzyloxycarbonyl . 

85. Compound of claim 78 wherein R 1 is 
25 ^ R is - -al k o^carbonyl radical, , 

- 86. Compound of Claim 78 wherein R- is 

hydrogen and R represents heteroaralkoxycarbonyl radical. 

30 i ndeno , Compound of claim 78 wherein R arid R ' are < 

ralcals y ^ ^ phenet ^ 

a ,K', 88 ' C ° mpound of clai ™ 78 wherein R2 represents 

rascals are optionally substituted with halogen radicals / - 
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and radicals represented by the formula -OR9 and -sr9 
wherein r9 represents hydrogen and alkyl radicals. 

89, Compound of Claim 78 wherein r2 represents 
5 alkyl, cycloalkylalkyl and aralkyl radicals/ 

90. Compound of Claim 78 wherein r2 represents 
aralkyl radicals. : ~ ~ ''' L '""" 

10 91. ■ Compound of Claim 78 wherein R2 represents 

CH3SCH2CH2-, iso-butyl, n-butyl, benzyl, 4-f luorobenzyl, 
2 -naphthy Ime thy 1 and cyblohexylmethyl radicals. 

92. Compound of Claim 78 wherein r2 represents 
15 an n-butyl and iso-butyl radicals. 

93. Compound of Claim 78 wherein r2 represents 
benzyl, 4-f luorobenzyl, and 2 -naphthy Ime thy 1 radicals. 

20 94. Compound of Claim 78 wherein r2 represents 

a cyclohexylmethyl radical.; 

95. Compound of Claim 78 wherein R3 and R4 
independently represent alkyl, haloalkyl, alkenyl, 

25 alkoxyalkyl, cy cloalky 1 , cycloalkylalkyl , 

heterocycloalkyl, heteroc^rcloalkylalkyl, heteroaryl, 
aryl, aralkyl and heteroaralkyl radicals . 

96. Compound of Claim 95 wherein r4 represents 
30 methyl and phenyl. 

97. Compound of Claim 95 wherein r3 and R4 
independently represent alkyl and alkenyl radicals. 



35 



98. Compound of Claim 95 wherein r3 and r4 
independently represent alkyl and hydroxyalkyl radicals . 
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99. Compound of Claim 95 wherein r3 and R 4 
independently represent alkyl, cycloalkyl and 
cycloalkylalkyl radicals. 

5 100 . Compound of Claim 95 wherein r3 and R 4 

independently represent alkyl, heterocycloalkyl and 
heterocycloalkylalkyl radicals. 



10 
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101. Compound of Claim 95 wherein R 3 and R 4 
independently represent alkyl, heteroaryl, aryland 
aralkyl radicals. 

102. Compound of Claim 95 wherein r3 and r4 
independently represent alkyl; cycloalkyl, 
cycloalkylalkyl, heterocycloalkyl, heterocycloalkylalkyl 
heteroaryl, aryl, aralkyl, and heteroaralkyl radicals. ' 

103. Compound of Claim 78 wherein r3 
represents alkyl radicals having from about 2 to about 5 

20 carbon atoms. • 3 

104 . compound of claim 103 wherein r4 
represents methyl , phenyl and substituted phenyl 
radicals. 



25 



30 



35 



105. Compound of claim 78 wherein r3 and r4 
independently represent alkyl radicals having from about 
2 to about 5 carbon atoms,, cycloalkylalkyl radicals , aryl 
radicals, aralkyl radicals, heterocycloalkylalkyl' 
radicals and heteroaralkyl radicals. 

106. Compound of Claim 78 wherein r3 
represents isobutyl, n-propyl, n-butyl, isoamyl 
cyclohexylmethyl, cyclohexyl, benzyl, para-fluoroben 2 yl 
para-methoxybenzyl, para-methylbenzyl and 

2 -naphthylmethyl radicals and R<: represents phenyl and ' 
substituted phenyl radicals wherein substituents of the : 
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substituted phenyl radical are selected from chloro 
fluoro, nitro, methoxy and amino substituents. • 

107. Compound of Claim 78 wherein R3 is 
5 cyclohexylmethyl and R4 phenyl. 
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and r4 is phenyl 

109. Compound of Claim 78 wherein R3. i s v ; ^ 
i-butyl and R4 i s phenyl. 

110. Compound of Claim 78 wherein r3 i s [ 
n-butyl and R4 i s phenyl . 

111. Compound of Claim 78 wherein r3 is 
cyclohexyl and r4 i s phenyl. 

112. Compound of Claim 78 wherein r4 
20 represents alkyl and cycloalkyl radicals. 

113. Compound of Claim 78 wherein R4 
represents methyl and cyclohexyl radicals. 

25 114 * Compound of Claim 78 wherein R and R* - 

together with the nitrogen to which they are bonded • 
represent pyrrolidinyl, piperidinyl, morpholinyl, and . - 
piperazinyl radicals. 



30 115. Compound of Claim 78 wherein r3 

represents heteroaralkyl radicals and r4 i s methyl or 
phenyl. 

116. Compound of Claim ,78 wherein r3 is a 
35 p-fluorobenzyl radical and r4 is a methyl or phenyl 
radical. •,. 
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. 117. A Pharmaceutical composition comprising a ' 
compound of claim 78 and a pharmaceutically acceptable" ' ; J 

, 5 . : method of inhibiting.; a retroviral - : : • ' 

protease comprising, atoinist fi ringr a protease Inhibiting " ' 
amount of a composition of Claim M17. . :« 

.'!. . : ' .' ■ -.<■•: ■ . '■ .'- • '• ' ■ . r 

119. Method of Claim. 118 wherein the ' 
.10 retroviral protease is HIV protease. . /' ■ 

120. Method of treating a retroviral infection * " 
comprising administering an effective amount of a 

composition of Claim 117 . . • r 

is , ■ •; . ; , ; •, ' >, 

121. Method of. Claim 120 wherein the - 
retroviral infection is an HIV infection. 

- n ^ . . 122 ' Me thod for treating iAIDS comprising ! 

administering an effective amount of a composition of " 
Claim 117. + : t 

123, Compound represented by the formula: 
6 R2 

25 . 
wherein: 
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R represents hydrogen, alkoxycarbonyl, aralkbxy carbonyl 
alkylcarbonyl, cycloalkylcarbonyl, 

cycloalkylalkoxycarbonyl, cycloalky lalkahbyl , alkanoyl 
aralkanoyl, aroyl, ary loxycarbonyl , -aryioxycarbonylalkyi 
aryloxyalkanoyl, heterocyclylcarbonyl, 
heterocycly loxycarbonyl, heterocyclylalkanoyl, 
heterocyclylalkoxycarbonyl . heteroaralkanoyl , ' 



it 



r 



WO 94/04492 

PCT/US93/07814 

heteroaralkoxycarbonyl , heteroaryloxy-carbonyl , ' 
heteroaroyl, alkyl, alkenyl, ^cloalkyl, aryl, aralkyi, ' 
aryloxyalkyl, heteroaryloxyalkyl . hydroxyalkyl , 
aminocarbonyl, aminoalkanoyl , and mono- and disubstituted 
5 aminocarbonyl and mono- and disubstituted aminoalkanoyl 
radicals wherein .the substituents are selected from ; 
alkyl, aryl, aralkyl, cycloalkyl, cycloalkyialkyi, 

heteroaryl, heteroaralkyl , - heterocycloalkyl, • ' ~ 

heterocycloalkyalkyl radicals, or where said 
aminoalkanoyl radical is disubstituted, said substituents 
along with the nitrogen atom to which they are attached 
form a heterocycloalkyl- or heteroaryl radical; 
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R* represents hydrogen and radicals as defined for R3 br 
R and R- together with the nitrogen to which they are 
attached represent heterocycloalkyl and heteroaryl 
radical; 

Rl represents hydrogen, -CH2S02NH2, -CH2CO2CH3 , -CO2CH3 
-CONH2, -CH 2 C(0)NHCH 3 , -C(eH 3 ) 2 (SH) , -C (CH 3 ) 2 (SGH 3 j 

' -C(CH 3 )2(S[0]CH 3 ), -C(CH 3 )2(S[0] 2 CH 3 ), alkyl, haloalkyl, 
alkenyl, alkynyl and cycloalkyl radicals, and amino acid 
side chains selected from asparagine, S-methyl cysteine 
and the sulfoxide (SO) and sulfone {SO2) derivatives 
25 thereof, isoleucine, allo-isoleucine, alanine, leucine, 
t ert -leucine, phenylalanine, ornithine^ histidine, 
norleucine, glutamine, 'threonine, glycine] alio- \. 
threonine, serine, aspartic acid, beta-cyano alanine and 
valine side chains; 



30 



35 



Rl' and Rl" independently represent hydrogen and radicals 7 
as defined for Rl, or one of Rl" and Rl", together with * 
Rl and the carbon atoms to which Rl, Rl' and Rl" are 
attached, represent a cycloalkyl radical; 

R2 represents alkyl, aryl, cycloalkyl, cycloalkyialkyi ; 
and aralkyl radicals, which radicals are optionally . v ' f ' 
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, «U2. C-N. CF 3 , ,OR9. -sr9, wherein R9 
represents hydrooen and alkyl radicals.- 

5 f / ePreSenCs -toloauvt. alkenyl. aikynyl 

hydroxyalkyl. alkoxyalkyl. cycloalkyl. cycloXiaiky! 
heterocyclic, heteroary!. , fc^.^^elouj^ ' 
aryl. aralkyl. heteroaralkyl . . aminoalkyl and « ^ a . , 
disubstituted aminoalkyl radicals, wherein said 
10 ,.. substituents are selected from alkyl. aryl ■ aralkvl 

cycl oalkyl .. cycloalkyl al kyl. neteroaryl" ^te^Skyi, 

' TZT T' ^ ^^^U^X radical „ 
m the case of a disubstituted aminoalkyl radical said 

^icattd fOI " i ltt ^ Cl *'»' a neteroaryl 
* 4 represents, radicals as defined by r3. 

124 • c °npo<wd of Claim 123 wherein R* 

» ^ena^ r~l^™--; 

2-ben„furancarbonyl. and 2-ouinolinylcarbonyl radicals. 

126. Compound of claim 123 wherein R' i s 
hydrogen and R is 2-quinolinylcarbonyl. . 

Bl . . ' 127 • Ct "E«»»<i of Claim 123 wherein Rl. Rl' and - 
Li^T^T 1 ' - radicals 

-C0 2 CH 3/ -CONHCH3, -CON(CH 3 , 2 , -CH.C (CNHCH, . ' 2 
-CH 2 C (O) N (CH 3 ) 2 , -CONK, , - C (CH3 , , <SC„ 3 , . ' 
-C(CH 3 ) 2 ( S[0 ]CH 3 ) and -C(CH 3 ) 2 ( S [0]CH 3 ). 
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128. Compound of Claim 123 wherein Rl, Rl' and 

^"independently represent hydrogen, methyl, ethyl, / 

. . benzyl, pheny lpropy 1 , propargyl, hydroxy 1 and radicals 
5 selected from -C(0)0CH 3 , -C(0)NH 2 , -C(0)OH. 

129. Compound of Claim 123 wherein Rl and Rl 1 
- are both hydrogen and Rl " is c (0) NH2 . — — - — 
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136. Compound of Claim 123 wherein r2 
35 represents alkyl, cycloalkylalkyl and aralkyl radicals, 



10 130. Compound of Claim 123 wherein R 

represents araikoxycarboriyl and heteroaroyl. radicals . 

131. Compound of Claim 123 wherein Rl and rI 1 r 
are both hydrogen and Rl" is methyl. - i 

15 . •._../■ ■ , . . ■ t ,_,_ - ; .:. 

132. Compound of Claim 123 wherein Rl' is 
hydrogen and Rl and Rl" together with the carbon atoms to 

- which they are attached form a three to six-membered 
cycloalkyl radical. 

133 . Compound of Claim 129 wherein R is . 
carbobenzoxy, 2-quinolinylcarbonyl and 2-benzofuran 
carbonyl radicals. 

25 134. compound of Claim 123 wherein R* and r1' " ™ 

• are both hydrogen and R 1 " is propargyl. ,r 

135 . Compound of Claim 123 wherein R? 
represents alkyl, cycloalkylalkyl and aralkyl radicals, 
which radicals are optionally substituted with halogen 
radicals and radicals represented by the formula -OR9 and * 
-SR9 wherein r9 represents hydrogen and alkyl radicals. 
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... 13 I. Compound of Claim 123 wherein r2 
represents, aralkyl radicals. A' R " 

q 13 8 ' Com P oun d of Claim 123 wherein p2 

2-naphthylm^hyl .and cyclohexylmethyl , . 

139. Compound of Claim 123 wherein »2 
10 reP ~ .« ■« is B -bu t yl radical . , . 

"0. Compound of claim 123 wherein n2 ' 
ST — —^.1. and 2-n^i,^ 

20 ^alkyl. cycloalkyl. cycloalkylali^l - . 

aryl. aralkyl and heteroaralkyl radicals. 

143 • Compound of claim 123 wher»in »3 

2$ re T Se ° tS — ™ radicals atd X^esen, 

aryl radicals. <uia K represents 

144. Compound of Claim 142 wherein R 3 D 4 
„ lnd ~"-"P«sen t al^i and aUenyl r^cais 



cycloalkylaiky! radicals. 
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147,. Compound of Claim 123 wherein r3 and r4 
independently represent alkyl, heterocycloalkyl and * 
heterocycloalkylalkyl radicals. 

5 148. Compound of Claim 123 wherein k3 and R4 

_ independently represent alkyl, : aryl and aralkyl radicals., 

~ - - -149 . - Compound of Claim 123 wherein r3 and R4 



independently represent alkyl*, cycloalkyl, 
10 cycloalkylalkyl, heterocycloalkyl, heterocycloalkylalkyl, 
heteroaryl , aryl , aralkyl, and heteroaralkyl radicals . 

150 . Compound of Claim 123 wherein r3 
represents alkyl radicals having from about 2 to about 5 

15 carbon atoms. 

151. Compound of Claim 123 wherein R3 
independently represent n-propyl , i -butyl, : cyclohexyl , 
cyclohexylmethyl , i-amyl , and n-butyl radicals and ft* 
represents phenyl and substituted phenyl radicals. 
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152 . Compound of Claim 123 wherein R3 and r4 
independently represent alkyl radicals having from about 
2 to about 5 carbon atoms, cycloalkylalkyl radicals , aryl 
25 radicals, heteroaryl radicals , aralkyl radicals , 
heterocycloalkylalkyl radicals and heteroaralkyl 
radicals. 
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153 . Compound of. Claim 123 wherein r3 
represents benzyl, para-f luorobenzyl, para-methoxybenzyl , 
para-methylbenzyl, and 2 -naphthylmethyl radicals and R4 
represents . phenyl and substituted phenyl radicals wherein 
substituents of the substituted phenyl radical are 
selected from chloro f luoro , nitro, methoxy and amino 
35 substituents. 
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154.. Compound of claim 123 wherein R 3 is 

seiected fro„ para-chlorophenyl. para-tluorophenyl 
s Pa »-«^en y i. p-„etho*yp„enyl and para-alopnenyl , 

t 15S ' COI ^ d °? M^" 1 ^ "herein R 3 i s ,-i, , : 
a^l or n-butyl end. r4 -is , phenyl ; or* substituted -phenyl * 
. selected fro* para-chlorophenyl. WftaJ^L a 
nrtrophenyl. p- m etho*yphenyl and para-amnophenyl 
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156. Compound of Claim 123 .wherein R 3 is 
Phenyl selected from para-chlorophenyl, para- 

. • 157 . Compound of Claim 123 wherein r3 is 

_ Phenyl selected fron, para-chlorophenyl, para- 



25 



30 



35 



cvr , n . , 158 ' f 00 ® 0 "** °f Claim 123 wherein r3 is 
cyclohexyl and R 4 is phenyl Qr substituted phenyi 

selected from para-chlorophenyl, para-fluorophehyl w* 
-trophenyl, p-me,ho*yphe,yl and para-amin 0 "' 

159. Compound of Claim, 123. wherein R4 
represents alky 1 and aryl radicals. 

160. compound of claim 123 wherein r4 
represents phenyl, para-chlorophenyl, para-fluorophenyl 
Para-nxtrophenyl, p-methoxyphenyl and para-aMnophenyl 

161. Compound of Claim 123 wherein r4 
represents aryl radicals. 



WO 94/04492 

PCT/US93/07814 

/*¥ 

162 . Compound of Claim 1 2 3 ; wherein r3 
represents heteroaralkyl radicals and r4 is aryl. 

163 . Compound of Claim 123 wherein r3 is a 
5 p-fluorobenzyl radical and r4 i s phenyl or substituted 

phenyl selected from para-chlorophenyl, para- 
fluorophenyl, para-nitrbphenyl, ^methox^phehyl and para- 
, „ aminophenyl. — - ~ — — ^ _ ..!.„. .: i. 



10 164 • A Pharmaceutical composition comprising a 

compound of Claim 123 and a pharmaceutical^ acceptable 
carrier . 

165 . Method of inhibiting a retroviral 
15 protease comprising administering a protease inhibiting ' 
amount of a composition of Claim 164. 

.166. Method of Claim 165 wherein the 
retroviral protease is HIV protease. 

20' ■ ■ ■ ; ■? : . ■ 

167 . Method of treating a retroviral infection 
comprising administering an effective amount of a 
composition of Claim 164. 

25 16 8- Method of Claim 167 wherein the 

retroviral infection is an HIV infection. 

- 

169 . Method for treating AIDS comprising 
administering an effective amount of a composition of : 

30 Claim 164. 

170. A compound of Claim 1 which is: 



Phenylmethyl [ 2R-hydroxy-3 - [ ( 3 -methyl - 
35 butyl) (methylsulfonyl) amino] -is- (phenyl - 
methyl ) propyl ] carbamate ; 
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(phenyl . 

sulfonyl, am.no] -is- (phenylmeth y i,propyl, carbarn ate; 

Nl-^R-hydroxy-S-CO-methylbutyD^ethyl- 
sulfonyl, amino] -is- (phenylmethyl, propyl) -2S- 

n2-< 3 u 1 nolinylcarbonyl)amino]butanediamide; 

Nl-[2R-hydroxy- 3 -[ (3-methylbutyi) (methyl- 
sulf 0 nyl)amino]-ls-(phenylme t ^ . 

t ^^^^thyloxycarbonyljaminojbutanediamide; . 

Nl-[2R-hydroxy-3 t (3-methylbutyl, (phenylsul fonyl, amino ] - 

{p f en ^thyl > propyl] -2S- f (2-quinolinylcarbonyl, 
amino] butanediamide; Ycaroonyl)- 

15 . , - 

Nl : [2R-hydroxy-3C(3-methylbutyl,( p henylsulfonyl,- 
amno) -IS- (phenylmethyl,propyl] -2S- 

[(phenylmethyloxycarbonyl,amino]butanediamide; 

methyl- butyl) (phenylsulfonyl, amino] -is- " 
(Phenylmethyl , propyl] -3 . 3 -dimethylbutaneamide ; 

2S-[ f ^ethylamino)ac e tyl]amino]- N - [2 R-hydroxy-3-r (3- ^ 
25 methyl- butyl, (phenylsulfonyl, amino/-ls- 

(phenylmethyl,propyl]-3.3-dimethylbutaneamide; or 

' ( ^ S : hylbUtyl) < P"enyl-sul f onyl,amino]: 
metn y 1 - ls -(Phenylmethyl)propyl]-2s-I(2- 
30 ^inolinylcarbonyDaminoJbutanediamide; or 

J3-I r2-hydroxy-3- f (3-methylbutyl, (phenylsufonyl, amino] -1^ 
phenylmethyl,propyl]amino]-2-methyl-3-oxopropyl]- 
^ (4-methox y phenyl,methyl ester, U S -UR* (SM ,2S*J ] -! '. 

171. A compound represented by the formula: • 
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Pi-and P2 independently represent hydrogen " 
alkoxycarbonyl, aralkoxycarbonyl , alkylcarbonyl ' " ' ■ 
cycloalkylcarbonyl, cycloalkylalkbxycarbonyl 
cycloalkylalkanoyl, alkanoyl, aralkanoyl, aroyl 
aryloxycarbonyl, aryloxycarbonylalkyl , aryloxyaikanoyl 
heterocyclylcarbonyl, heterocyclyloxycarbonyl ' 
heterocyclylalkanoyl , heterocyclylalkoxycarbonyl 
heteroaralkanoyl, heteroaralkoxycarbonyl. heteroaryloxy- 
carbonyl, heteroaroyl, alkyl, alkenyl, cycloalkyl, aryl, 
aralkyl, aryloxyalkyl, -heteroaryloxyalkyl. hydroxyalkyl 
amxnocarbonyl, aminoalkanoyl, and mono- and disubstituted 
amxnocarbonyl and mono- and disubstituted aminoalkanoyl 
radicals wherein the substituents are selected from 
alkyl, aryl, aralkyl, cycloalkyl, cycloalkylalkyl 
heteroaryl, heteroaralkyl , heterocycloalkyl 
heterocycloalkyalkyl radicals, or where said 
aminoalkanoyl radical is disubstituted, said substituents 
along W1 th the nitrogen atom to which they are attached 
form a heterocycloalkyl or heteroaryl radical; 

R2 represents alkyl, aryl, cycloalkyl, cycloalkylalkyl 
and aralkyl radicals, which radicals are optionally 
substituted with a group selected from alkyl and haloaen 
radicals, - N o 2 , - te N, CF 3 , -or9, - Sr9 , wherein r9 5 
represents hydrogen and alkyl radicals; 

R3 represents hydrogen, alkyl, haloalkyl, alkenyl 
alkynyl, hy droxyalky 1 . alkoxyalkyl, cycloalkyl, 
cycloalkylalkyl, heterocycloalkyl, heteroaryl 
heterocycloalkylalkyl. aryi, aralkyl, heteroaralkyl 
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eteroaryl. heteroaralfcyl, het.rocycioaifcyl ^ 
Substituted aminoalkyl radical _ C 0 

neterocycW^ or a he t aroaryl raLt.- al ' " 
10 «ydr2™ rad ""= ^ ^-4* H3 except for . 

^eatr^V't Wherei " * "* " 
15 ara iv,, Y represent hydrogen; alkoxycarbonvl 

^roT^oyr^"-^^ 1 - ^ 
al Kanoyl, cycloalkanoyl, 3- 

oxide, 4-pyradylxnethyloxycarbonyl . 4- 
■ Pyridylmethyloxycarbonyl ' N-oxide, 5 - 

20 Pyrimidylmethyloxycarbonyl tert t ' 

a i lvlKV< uyA ' cert -butyloxycarbonvl 

dlMcthylbsnzoyl. 2. S-di^wJ, 

R3 *■»•«««•■ cycioalkyl, cycloalkvlaucvl ' " 

3= ^r 1 - ^^--^^w. : 
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R 4 represents aryl, alkyl and heteroaryl, aryl, para- 
substituted aryl, heteroaryl, phenyl, para-methoxyphenyl , 
- para-cyanophenyl , para-chlorophenyl ,; para-hydroxypheny 1 , 
para-nitrophenyl, para-fluorophenyl, 2-naphthyl, 3- 
5 pyridyl, 3 -pyridyl N-oxide, 4-pyridyl, 4-pyridyl N-oxide. 



173. A pharmaceutical composition comprising a 
compound of Claim 171 and a pharmaceutical^ " 

carrier. 

10 

174. Method of inhibiting a retroviral 
protease comprising administering a protease inhibiting 
amount of a composition of Claim 173. 

15 175. Method of Claim 174 wherein the 

retroviral protease is HIV protease. 

176. Method of treating a retroviral inf ection 
comprising administering an effective amount of a 

20 composition of Claim 173 . 

177. Method of Claim 176 wherein the 
retroviral infection is an HIV infection. 



25 178. Method for treating AIDS comprising 

administering an effective amount of a composition of 
Claim 173. 
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179. A compound of Claim 171 which is: 

Phenylmethyl[2R-hydroxy-3-[ (2- ; 
methylpropyl) (phenylsulfonyl) amino] -1S- 
(phenylme thy 1 ) propyl ] carbamate ; 



35 



Phenylmethyl [2R-hydroxy-3- [ (2 -methylpropyl) (4- 
methoxyphenylsulfonyl) amino] -1S- 
(phenylmethyl ) propyl ] carbamate ; 
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Phenylmethyl[2R-hydroxy-3 T [(2- m eth^lpropyl) (4- : i 
fluorophenylsulfonyl) amino] -is- , 

(phenylmethyl ) propyl ] i carbamate ; 

Phenylmethyl[2R-h y cxoxy-3-f,(2-methylprbpyl)(4^ " 
nitrophenylsulfonyl) amino]. r is- • % . * '• ■■ 
(phenylmethyl) propyl] carbamate; 

Phen y imethylt2R-hydroxy-3-[(2-methylpropyl) (4- - ^ 
chlorophenylsulfonyl) amino] -ls- 
( phenylmethyl ) propyl ] carbamate; 

Phenylmethylt2R-h y drox y -3-[(2-methylpropyl)^^ . i 

15 acetamidophenyl sulfonyl) amino ]-ls- 
(pheny lmethy 1 ) propyl ] carbamate ; 

Phenylmethyl[2R-hydroxy-3-[(2-methylpro P yl) (4- 
aroinophenylsulf onyl ) amino] -ls- 

20 (Phenylmethyl) propyl] carbamate; . i 

Phenylmethyl [2R-hy«aroxy-3-[{3-methylbutyl) (4- 
methoxyphenylsulfonyl) amino] -ls- 
(pheny lmethy 1 ) propyl ] carbamate ; 

25 ' " ■; . ■ " " ( . . 

Phenylmethyl[2R-hydroxy-3-[ (3-methylbutyl) (4- " 
fluorophenylsulfonyl) amino] -ls- 

(phenylmethyl ) propyl ] carbamate ; - • 

30 Phenylmethyl [2R-hydroxy-3-[ (3-methylbutyl) (4- 

nitrophenylsulfonyl) amino] -is- , 7 
(phenylmethyl ) propyl] carbamate; . = , • * 

Phenylmethylt2R-hydroxy-3-[ (3-methylbutyl) (4-. - . " 
35 chlorophenylsulfonyl) amino] -ls- 

(pheny lmethy 1) propyl] carbamate; : , - 



jr 



7 



WO 94/04492 



PCT/US93/07814 



25 



35 



Phenylmethyl[2R-hydro^-3-[ (2-methylpropylj (4- 
raethoxyphenylsulfonyl) amino]-lS-(4- 
f luorophenylmethyl ) propyl ) carbamate; • 

Phenylmethyl[2R-hydroxy-3-[ (2-methylpropyl) (4* 
f luorophenylsul foriy 1 ) ' amino ] -is- (4- ■;" 

fluorophenylmethyl) propyl] carbamate; , 



Phenylmethyl [2R-hydr OX y-3- [ (butyl) (phenylsulf onyl) amino] 
10 IS- (phenylmethyl ) propyl ] carbamate ; 

Phenylmethyl [2R-hydroxy-3 - 

t (cyclohexylmethyl) (phenylsulf onyl) amino] -ls- 
( phenylmethyl ) propyl ] carbamate ; 

15 ' " 

Phenylmethyl [2R-hydroxy-3- 

I (cyclohexyl) (phenylsulf onyl) amino] -ls- 

(phenylmethyl) propyl] carbamate;. 

20 Phenylmethyl [2R-hydroxy-3 - 

[ (propyl) (phenylsulf onyl) amino] -1S- 
(phenylmethy 1 ) propyl ] carbamate ; 



Pentanamide, 2S- [ [ (dimethylamino) acetyl] amino] -N-2R-hydroxy 
3- [ (3-methylpropyl) (4-methoxyphenylsulf onyl) amino] -is-', 
(phenylmethyl ) propyl ] -3S-methyl ; ' 



Pentanamide , 2S- [ [ (methylamino ) acetyl] amino] - N -2R-hydroxy-3 ■ 
[ (4-methylbutyl) (phenylsulf onyl) amino] -1S- 
30 (pheny lmethyl) propyl] -3 S -methyl ; 

Pentanamide, 2S-[ [ (dimethylamino) acetyl] amino] -N-2R-hydr6xy- 
3 - [ ( 4 -methylbuty 1 ) (pheny lsui f onyl ) amino ] - IS - 
(phenylmethyl) propyl] -3S-raethyl; 



1 2R-hydroxy-3 - [ [ ( 4 -methoxyphenyl ) sulf onyl'] ( 2 •- 
methylpropyl ) amino ] -is - (phenylmethyl ) propylamine ; 
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2R-hydroxy-3-[( 2 - I „ethylpropyl) (4- 

10 ; . ;. 

S«x^ 

4 -Pyridinecarbpxamide , 

2o -^PropylJa.inoJ-ls-tphenyWhylJpropy^,. 
Benzamide, 

K-(2R-bydroxy-3- n (1 - nechoxyphewllsill • . 

25 Benzamide, 

N-UR-hydro^.a.,, (4 . nel:hoj(ypheniri)s(!i . 

»e thy x Pr o Evl) ^ n o J . ls , (phenylme ^ 1)ptopyl) _ 2:meavi _ -.• 

Benzamide, 

30 L?;^^ 3 - tlu -" echo ^''^x, S ui £ o W1 , (2 ^ ' 

Benzamide, 

3S ^l^l,^,.^,,,^^^ ^, chl o,o: 
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Carbamic acid, [2R-hydroxy-3- [ [ (4-methoxyphenyl) sulf onyl] (2 
methylpropyl) amino]- IS -(phenylmethyl) propyl]-, 3- 
pyridylmethyl ester; 

5 Carbamic acid, [ 2R-hydroxy-3 - [ [ (4-methoxyphenyl ) sulf onyl ] (2 
me thyipropyl) amino] -IS- (phenylmethyl) propyl]-, 3- 
pyridylmet hyl ester, N-oxide;, 

Carbamic acid, [2R-hydroxy-3 - [ [phenylsulf onyl] {2- 
10 methylpropyl) amino] -IS- (phenylmethyl ) propyl ] - , 3- 
pyridylmethyl ester; - 

Carbamic acid, [ 2R-hydroxy-3 - [ [ (4-methoxyphenyl ) sulf onyl ] (2 
methylpropyl) amino] -IS- (phenylmethyl ) propyl] - , 4- 
15 pyridylmethyl ester; 

Carbamic acid , [ 2R-bydroxy-3 -[[ (4-methoxyphenyl ) sul fonyl] (2 
methylpropyl) amino] -IS - (phenylmethyl) propyl] - / 4- 
pyridylmethyl ester, N-oxide; 

20 

Carbamic acid , [ 2R-hydroxy-3 - [ [ ( 4 -chloropheny 1 ) sul fonyl ]( 2 - 
methylpropyl ) amino ] - IS - (phenylmethyl) propyl ] - , 3 - 
pyridylmethyl ester; 

25 Carbamic acid, [2R-hydrqay-3- [ [ (4 -nitrophenyl) sulf onyl] ti- 
me thy Ipropyl ) amino ] -IS- (phenylmethyl ) propyl] 3- . 
pyridylmethyl ester; 

Carbamic acid, [2R-hydroxy-3- [ [ (4-f luorophenyl) sulfonyl] (2- 
30 methylpropyl) amino] -IS- (phenylmethyl) propyl] - , 3- 
pyridy lme thy 1 ester ; 

Carbamic acid, [ 2R-hydroxy-3 - [ [ ( 4 -hydr oxypheny 1 ) sul fonyl ] (2 - 
methylpropyl) amino] -IS- (phenylmethyl) propyl] -, 3- 
35 pyridylmethyl ester; or 
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Garbamic acid, [2R-hydroxy-3-f f ( 4 - 

propyl]-, S-pyrimidylmethyl ester. 
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